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Volume  XIII.,  No.  1.  London,  January,  1918. 

EDITORIAL  NOTES. 


CONCRETE    IN    1917. 

The  past  year  has  seen  a  remarkable  development  in  the  public  interest  accorded 
to  concrete.  In  pre-war  days  great  works  of  concrete  and  reinforced  concrete 
were  completed — docks,  warehouses,  viaducts,  bridges,  etc. — but,  somehow, 
these  remarkable  developments  in  the  application  of  concrete  and  reinforced 
concrete  never  struck  the  public  fancy,  and,  as  a  matter  of  fact,  even  thr 
public  authorities,  who  should  have  given  the  subject  considerable  attention, 
were  apathetic  in  their  conservatism.  To-day,  however,  the  mere  fact  that  the 
enemy  has  been  using  concrete  on  a  large  scale  on  the  Western  Front  in  the 
construction  of  dug-outs,  pill-boxes,  and  similar  works,  and  the  constant 
reference  to  these  structures  in  the  daily  Press,  has  led  the  public  to  understand 
the  nature  and  adaptability  of  concrete  as  a  building-  material.  As  to  its 
adaptability,  it  is  now  nearly  ten  years  agfo  when  we  published  in  these  columns 
the  first  examples  of  barges,  ships,  and  floating-  docks  constructed  of  reinforced 
concrete,  but  again  those  primarily  concerned  scarcely  evinced  any  interest  in 
the  subject,  and  the  public  did  not  realise  what  this  meant. 

Further,  to-day,  when  the  absolute  necessity  of  additional  tonnage  is 
understood  by  the  public,  and  the  difficulty  of  obtaining-  steel  for  shipbuilding 
is  realised,  and  the  daily  Press  is  constantly  giving  space  to  the  question  of 
ships  and  boats  constructed  of  concrete  and  reinforced  concrete,  the  "  man  in 
the  street  "  has  become  aware  of  the  many  different  ways  in  which  the  material 
can  be  applied. 

Between  the  rough-and-ready  concrete  work  of  the  enemy  on  the  Western 
Front  and  its  skilful  application  in  shipbuilding-  work  there  is,  however,  a  vast 
field  for  the  use  of  this  form  of  construction.  Now  that  bricks  are  scarce,  and 
timber  is  costly  and  also  difficult  to  obtain,  it  is  being-  gradually  understood  that 
concrete  may  become  an  economical  and  useful  building-  material  for  domestic 
building;s  as  well  as  for  the  erection  of  factories,  municipal  buildings,  for  road 
work    bridges,  etc. 

The  scarcity  of  timber  has  made  the  public  realise  the  advantages  of 
conciete  as  a  substitute  for  a  variety  of  minor  purposes;  the  concrete  fenceposi 
is  coming  into  its  own,  and  the  material  is  finding  increasing  favour  for  the 
many  accessories  needed  on  the  farm  and  the  estate. 

Nineteen  hundred  and  seventeen  will  accordingly  be  a  landmark  in  the 
history  of  modern  concrete  and  reinforced  concrete  construction,  for  the  great 
public  has  become  alive  to  the  advantages  of  the  material,  and  we  acturdly  find 
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Government  departments  and  public  authorities  recommending-  its  use  as  a 
substitute  for  timber  and  steel. 

The  necessity  of  economy  engendered  by  the  war  has  probably  done  more 
than  anything-  else  to  teach  authorities,  professional  men,  and  the  public  what 
the  Romans  understood  years  ago,  that  concrete  is  a  practical  and  economic 
factor  in  building  construction.  We  must  also  remember  that  the  United 
States,  our  Allies  in  France  and  Italy,  and  our  enemies  have  been  using  it  on 
an  extraordinarily  extensi\ e  scale  for  close  on  t\\o  decades. 

The  coming-  year  should  see  a  further  appreciation  of  the  utility  of  concrete 
and  everything-  that  can  be  done  to  make  its  advantages  understood  by  those 
concerned  should  be  undertaken. 

Concrete  spells  progress  in  simple  structuial  work,  but  it  also  spells 
economy  and  adaptability.  We  need  hardly  say  that  we  trust  this  Jourxa;. 
will  contribute  to  a  better  understanding  of  the  use  of  this  material  throughout 
the  Empire. 

AIR   RAIDS    AND    CONCRETE. 

When  so  much  is  being  said  about  housing  schemes  and  the  development  of 
industrial  structures,  attention  should  be  called  specially  to  the  necessity  of 
according  greater  attention  in  the  future,  than  heretofore,  to  the  question  of 
protection  from  air-raid  dangers  as  far  as  roof  and  floor  construction  is 
concerned.  This  applies  not  only  to  the  public  building  or  the  building  of  an 
industrial  character,  but  equally  of  structures  of  a  domestic  character,  especially 
in  the  larger  private  residences  and  in  blocks  of  flats  and  tenements.  Even 
if  such  buildings  cannot  readily  be  made  bomb-proof,  they  should  at  least  be 
made  sufficiently  proof  against  minor  projectiles,  such  as  shells  and  shrapnel, 
and  this  is  certainly  not  the  case  where  ordinary  tile  or  slate  roofs  are  met  with 
or  where  timber  flooring  is  used. 

The  solution  to  the  question  probably  lies  in  a  considerable  application  of 
concrete  in  all  classes  of  buildings ;  whether  solid,  reinforced,  or  hollow  remains 
to  be  seen. 

New  methods  of  roof  construction  will  have  to  be  found  and  adopted,  and 
new  forms  of  light  floor  construction  will  probably  have  to  be  devised  ;  but, 
generally  speaking,  our  contention  is  that  among  the  many  factors  arising  in 
connection  with  the  new  building  problems  not  least  is  that  of  affording 
reasonable  security  against  air  attack. 
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The  folloiving  are  tiuo  examples  of  interesting  steel  frame  and  concrete  buildings. — ED. 

The  statement  is  sometimes  made  that  the  design  of  factory  and  industrial 
buildings  and  the  simplicity  of  their  lines  do  not  allow  for  the  possibility  of 
architectural  character   to  be  given  to  them. 

This  statement  seems  to  spring  from  a  mistaken  notion  that  architectural 
character  is  something  that  can  be  given  to  a  building — firstly,  by  sacrificing 
certain  uses  for  the  purpose  of  gaining  effects,  and,  secondly,  by  adding  extra- 
neous ornament;  and  both  opinions  are  erroneous.  Rightly  understood, 
architectural  character  in  any  building  is  the  expression  of  its  construction, 
and  in  a  modern  steel-framed  or  reinforced  concrete  building,  where  the  weights 
of  each  part  are  carried  direct  to  stancheons  or  piers  placed  at  regular 
intervals,  the  designer  may  by  the  exercise  of  thought  and  at  little  cost  give 
an  impression  of  power  and  dignity  that  can  only  otherwise  be  obtained  in 
large  public  buildings. 

The  monotonous  appearance  of  the  factory  of  a  generation  ago  is  apparent 
to  everyone,  and  it  must  also  be  granted  that  when  money  was  allowed  for  the 
elevations,  ornament  and  details  that  would  have  been  just  as  much  in  place 
on  a  block  of  flats  or  even  on  a  town  hall  were  often  wrongly  employed. 

To-day  the  manufacturer  is  beginning  to  realise  that  a  well  designed 
elevation  is  useful  to  him  from  an  advertisement  point  of  view,  and  the  tendency 
of  architects  to  concentrate  on  the  structural  lines  of  the  building  is  exemplified 
in  the  two  buildings  here  described  and  illustrated. 

FACTORY,  TOTTENHAM  COURT  ROAD. 

This  building  occupies  a  site  at  the  corner  of  Tottenham  Court  Road  and 
Chenies  Street,  whilst  part  of  the  rear  elevation  abuts  on  an  open  space. 

At  present  only  a  portion  of  the  structure  is  finished,  but  the  drawing 
(see  Frontispiece)  and  the  bays  already  erected  prove  that  the  conditions  neces- 
sary for  successful  lighting  have  been  solved  without  interfering  with  the  uses 
of  the  structure. 

The  building  is  planned  to  contain  both  the  offices  and  \\()rk>lK)ps  of  tlie 
company  and  possesses  several  interesting  features. 

The  fresh  air  to  the  upper  floor  is  admitted  through  gratings  or  pierced 
cast-iron  bosses  in  the  panels  under  windows,  to  a  duct  which  runs  fiom  pier 
to  pier  (see  Fig.  3).  Under  each  window  a  radiator  or  coil  of  pipes  is  placed, 
and  the  heat,  passing  through  a  thin  slab,  warms  the  air,  whilst  provision  is 
also  made  for  fixing  hot  water  pipes  in  the  duct  should  greater  temperatures 
be  required. 
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Fig.  3.     Details. 
A  Factory,  Tottenham  Court  Road. 
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Fig.  4.      Stancheon  Details. 
A  Factory.  Tottenham  Court  Ro.^d. 
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The  inlets  from  these  duels  to  the  rooms  are  at  ceiUng  level  and  are  con- 
trolled by  a  simple  mechanism  to  allow  greater  or  lesser  amount  of  air  to  enter 

rooms. 

Throughout  the  building  air  is  admitted  at  the  ceiling  level  and  is  withdrawn 
near  the  floor,  and  thus  all  particles  of  dust,  etc.,  given  off  by  the  machines 
are  carried  downwards  and  removed.  There  is  thus  no  possibility  of  workers 
inhaling  air  charged  with  foreign  matters.  Moreover,  to  prevent  the  annoy- 
ance of  cold  sheets  of  air  falling  on  those  working  at  benches  near  windows, 
a  gilled  hot  water  pipe  is  fixed  below  the  bench  under  each  window.  This  pipe 
is  contained  in  a  chamber  divided  in  such  a  manner  that  the  air,  after  being 
warmed,  rises  up  to  the  bench  and  a  layer  of  warmed  air  is  constantly  present 
between  tlie  cold  window  surface  and  the  worker. 

In  order  to  eliminate  the  waste  of  furnace  gases  and  heat  from  the  boiler 
an  eoonomiser  system  is  installed,  and  by  it  the  whole  of  the  basement  atmo- 
sphere is  warmed. 

Ventilation  and  change  of  air  to  all  rooms  is  effected  by  the  provision  of 
louvres  in  the  lower  panels  of  doors  to  staircase,  on  the  roof  of  which  a  large 
fan  chamber  is  formed. 

The  sanitary  conveniences  are  ventilated  by  a  shaft  running  along  back  and 
connected  with  all  w\c.   apparatus,  which  are  of  special  form. 

This  duct  is  joined  at  each  floor  to  an  upcast  duct  leading  to  fan  chamber 
on  roof,  and  experience  has  proved  that  no  possibility  exists  of  fouled  air 
entering  the  working  portion  of  the  premises. 

Ample  lighting  is  provided  by  the  windows,  but  to  give  a  maximum  of 
daylight  to  the  basement  a  bulkhead  is  formed  on  ground  floor  and  continuous 
pavement  lights  constructed  in  footway ;  moreover,  in  order  to  obviate  the 
necessity  of  a  R.S.J,  at  the  pavement  level,  the  inner  edge  of  pavement  lights 
rests  on  an  angle  iron  support  fixed  to  suspension  T's  from  a  6-in.  by  5-in. 
R.S.J,    fixed    behind    stallboard   casing. 

The  building  is  of  steel-framed  construction  with  stancheons  in  all  piers 
except  those  at  ends  of  party  walls  and  at  corners  of  streets.  A  typical 
stancheon  is  shown  in  Fig.  4. 

Within  the  building  the  stancheons  are  placed  to  divide  the  structure  into 
fairly  equal  units,  but  to  reduce  the  number  of  supports  as  far  as  possible  they 
are  not  disposed  to  line  with  the  spacing  of  piers  to  front  elevation. 

The  ground,  first,  and  second  floors  axe  of  concrete,  reinforced  with 
2-in.  by  2-in.  by  f  T's,  spaced  at  20-in.  centres,  and  with  main  beams  of  i8-in, 
by  7-in.  and  i6-in.  by  6-in.  R.S.J. 's,  whilst  remainder  of  floors  and  roof  are  of 
tx>ncrete,  reinforced  with  monolithcrete  joists,  and  on  the  latter  three  large 
north  lights  arc  formed.  The  elevation  of  the  building  is  faced  with  Portland 
stone,  the  panels  between  windows  being  of  cast-iron. 

WAREHOUSE.   BAKER   STREET,   W. 

These  buildings  have  been  but  lately  completed,  and,  owing-  to  the  war, 
temporary  enclosures  have  been  used  for  the  ground  story  openings.  The 
buildmg,  as  will  be  seen  from  the  plans,  consists  of  open  floors,  served  bv  both 
staircases  and  lifts. 
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A    WAREHOUSE,  BAKER  STREET. 


Steel-framed  and  concrete  construction,  with  facing-  of  Portland  stone  for 
elevations  to  main  streets,  is  used,  and  the  building-,  whilst  possessing-  abun- 
dant natural  lighting  surface,  has  a  dignity  and  character  that  is  too  often 
lacking  in  this  class  of  structure. 


The  architects  for  both  buildings  were  Messrs.  Hobden  and  Porri,  of  37A, 
Finsbury  Square,  E.G. ;  Messrs.  Moreland  and  Sons  carried  out  the  steelwork 
for  Tottenham  Court  Road,  and  Messrs.  Drew,  Bear,  Perks  that  for  Baker 
Street. 
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DETAIL    DESIGN    IN 
REINFORCED    CONCRETE. 
V. 


EWART  S.  ANDREWS,  B.Sc.Eng..  M.C.I. 

The  last  article  of  this  series  appeared  in  our  issue  of  September,  1917.— ED. 


DESIGN    OF    FOOTINGS    FOR    PILLARS. 

The  L.C.C.  regulations  do  not  specify  the  method  of  calculation  to  be  employed  for 
footings,  but  call  only  for  the  following  maximum  pressures  on  the  soil  (regulation  136). 

Tons  per  sq.  ft. 

Natural  bed  of  soft  clay  or  wet  or  loose  sand        .  .  .  .  . .  .  .      i 

ordinary  clay  or  confined  sand       .  .  .  .  .  .  .  .      2 

compact  gravel,  London  blue  clay  or  chalk        .  .  •  •     4 

We  will  now  proceed  to  explain  the  considerations  involved  in  the  design  of  an 
ordinary  square  or  rectangular  footing,  and  will  illustrate  them  by  the  numerical 
example  of  the  pillar  which  we  dealt  with  in  the  last  article. 

This  pillar  is  an  internal  one,  and  the  building  is  of  such  a  nature  that  it  has  not 
been  considered  necessary  to  provide  for  bending  moments  in  the  pillar,  so  that  we  may 
assume  that  the  pressure  of  the  footing  upon  the  ground  is  uniformly  distributed.  If 
there  were  a  bending  moment  on  the  pillar,  we  should  have  to  deal  with  a  varying 
load  on  the  base  in  a  similar  manner  to  that  employed  in  a  retaining  wall,  which  we 
propose  to  deal  with  in  a  subsequent  article. 

Size  of  Footing,— The  load  transmitted  by  the  pillar  has  been  showTi  to  be 
315  kips,  and  we  will  take  the  soil  as  being  ordinary  clay  upon  which  the  permissible 
pressure  is  2  tons  per  sq.  ft. — i.e.,  4-48  kips  per  sq.  ft.  Assuming  that  the  weight  of 
the  footing  itself  is  10  per  cent,  of  the  load  transmitted,  we  shall  have  a  total  pressure 
on  the  soil  equal  to  315  +31  =346  kips. 

.  •  .   area  of  footing  required  =  ^^^  =77-2  ft.  —say  9  ft.  sq. 

4-48 

The  weight  of  the  footing  itself  need  be  taken  into  account  only  in  determining 
the  area  of  the  base,  and  need  not  be  allowed  for  in  determining  the  stresses  in  the  base, 
since  the  downward  weight  is  neutrahsed  by  the  corresponding  portion  of  the  upward 
pressure. 

The  L.C.C.  regulations  do  not  give  very  definite  rules  for  footings,  but  the  minimum 
effective  depth  of  the  footing  might  be  determined  by  regulation  66,  which  states 

5 
that  for  1:2:4  concrete  —  shall  not  exceed  three  times  the  permissible  shear  stress 

S 
on  the  concrete  ;  in  our  case  this  means  that  — -  shall  not  exceed  iSo  lb.  per  sq.  in. — 

i.e.,  o-iS  kips  per  sq.  in. 

The  value  of  b^  to  be  taken  is  the  perimeter  of  the  column — i.e.,  4X24=96  in. 
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The  value  to  be  taken  for  5  =Total  load  on  column  <  area  of  footing  -area  of  column  ) 

(  area  of  footing  [ 

(8i  —J.)      srsX77 

^^M-^r-rHr^  =300  laps. 

.  •  .   ^  =- — -,  and  this  must  not  exceed  o-i8 
byd     g6d 

.  •  .   minimum  value  of  d  = - =17-4  in 

0-18x96       '  ^      ■ 

Although  this  depth  would  apparently  satisfy  the  regulation  considered,  it  is  less 
than  desirable  for  several  reasons.  In  the  first  place  the  stress  in  the  column  at  the 
base  is  0-633  kips  per  sq.  in.,  so  that  the  stress  in  the  steel  is  15X0-633  =9-5  kips  per 
sq.  in.,  and  if  we  provide  hooks  at  the  end,  we  shall  be  allowed  a  grip  stress  by  regu- 
lation 45  {a)  of  100  lb.  per  sq.  in.     For  a  plain  bar  a  diameter  d  of  length  I  the  grip 

load=Trrf/X  100  lb.  =at  least  load  on  bar  =  ^^ x  1,000  lb. 

4 

.  •  .  /  =95^=?52<7  foj.  I  ^  bar  used  =20-8  inches 

4  32 

to  develop  a  permissible  grip  stress,  therefore,  between  the  steel  in  the  column  and 

that  in  the  footing  we  must  have  at  least  20-8  in.,  and  it  is  desirable  for  the  grip  lent^th 

to  be  sufi&cient  to  develop  nearly  thefuU  strength  of  steel — viz.,  40  diameters  or  /  =  35  in. 

We  have  also  to  remember  that  the  footing  acts  as  a  beam,  and  that  we  shall  save 
steel  by  increasing  the  depth.  It  should  also  be  noted  that  the  shear  round  the  edge 
of  the  column  is  what  is  sometimes  referred  to  as  "  punching  shear,"  and  that  120  lb. 
per  sq.  in.  is  commonly  considered  as  high  a  value  as  this  should  have.  We  have 
adopted  an  effective  depth  of  34  in.  on  the  assumption  that  there  is  no  special  need  to 
make  the  depth  as  small  as  possible. 

Bending  Moments  to  be  taken  in  design.— We  have  indicated  already  that  the 
problem  of  the  stresses  in  a  footing  comes  under  one  of  the  special  cases  of  slabs 
which  cannot  be  analysed  rigidly.  The  usual  treatment  based  upon  Professor 
Talbot's  experiments*  is  as  follows  : 

We  regard  the  stresses  as  resisted  by  four  cantilevers,  each  of  which  carries  a  load 
represented  by  the  area  A  BCD,  Fig.  18. 

If  w  is  the  load  per  sq.  ft.  on  the  soil,  we  can  di\dde  the  area  up  into  a  rectangle 
DCEF  and  two  triangles  ADE,  BCF. 

The  moment  about  CD  of  the  load  on  the  rectangle  =wxh  X  -,  and  the  moment  con- 


2 


tnbuted  by  the  two  triangles  = X  —  = 

J  &  2         3        3 


•  .  Total  bending  moment  about  CD  =  w  i —  + — j  =B  =  wx^(-  -{-~^\ 


(l-b) 
putting   x  =  - '-  we  have 


_w  {I -by 


wl^  (       by  /     ,  b\ 


24 

wl 


•  University  ot  Illinois  Bulletin  No.  67,  "'  Reinforced  Concrete  Wall  Fuo  inss  and  Column  Footings, 
by  Arthur  N.  Ta  bot.     (London:  Chapman  and  Hall,  Ltd.) 
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but  w/*  =  total  load  on  column  ==  W 
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Where  0,  is  a  coefficient  dependent  upon  ^-,  and  values  of  which  are  given  m  the  diagram 
of  Fig.  19. 
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zT\ 


A±. 


± 


H 


Fig.  18. 

Effective  Breadth  of  Cantilever. — The  effective  breadth  b^  of  the  cantilever,  which 
is  to  be  regarded  as  carrying  this  bending  moment,  is  proposed  by  Professor  Talbot 
as  the  result  of  his  experiments  as  equal  to 

b,  =  b+2d  +  l{l-b-2d) 
where  d  is  the  effective  depth  of  the  footing,  which  in  our  case  we  will  take  as  34  m . 
.  •  .  6^  =  24+68+^(108-24 -68)  =100  in. 
This  is  practically  the  full  breadth  of  the  footing,  and  it  comes  to  this  high  value 
because  we  have  adopted  a  deep  footing  ;  in  any  case  in  which  the  value  of  b^,  calcu- 
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lated  by  Talbot's  formula,  exceeds  the  length  of  the  footing,  we  should,  of  course,  take 

b,  =  l.    ' 

Reinforcement  Required. — The  load  11    to  be  pro\aded  for  m  our  case  is  315  Idps, 

and  we  have  /  =  io8  in.  and  ^  =  24  in. 

-.   ^  =  i±=o-222 
/      108 
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N'alues  of  b-^l. 
Fig.  19      Diagram   for  Bkndixg  Moments  in  Footings. 


From  Fig.  19  we  see  that  0,  =0-056 

.  •  .  Bending  moment  =B  =^,H 7 

=o-056X3i5X  108 
=  i,Qoo  kip. -in. 
taking  6^  =  100  and  ^  =  34,  we  have  ■ 

B    _  i.goox  1,000 

6^  "100x34X34 

=  16-5  lb.  per  sq.  in. 
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The  diagram  given  in  Fig.  3  shows  that  o-i  i  per  cent,  will  be  suitable  reinforcement, 
so  that  we  have  : 


Area  of  reinforcement  required  in  100  in. 


o-ii  X  100X34 
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Oetciil  of    Footing    Bars 

Fig.  20.     Footing  Di-tail. 
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The  area  of  each  J-in.  bar  =0-196  sq.  in.,  so  that  we  require  Aj^  =19  bars. 

0196 

We  will  take  these  at  4'in.  apart  at  the  centre  under  the  pillar,  and  then  increase 
to  6  in.  bevond,  as  shown  in  Fig.  20. 

If  we  have  not  this  diagram  {Fig-  3)  available,  we  can  assume  a  lever  arm  of  0-9^  = 
30-6  in.,  thus  obtaining 

Area  of  steel  required  = ' =3-9  sq.  in. 

^  30-6X16 

Bars  of  small  diameter  are  preferable  in  footings,  because,  as  we  shall  see  later, 
the  adhesion  stresses  require  careful  consideration  in  footings,  and  small  diameter 
bars  give  greater  adhesion  for  a  given  cress-sectional  area  than  large  diameter.  We 
will  allow  a  3-in.  ledge  round  the  column  stem,  and  tn,-  sloping  the  footing  off  at 
30°  to  the  horizontal,  the  effective  depth  of  the  cantilever  forming  the  footing  thus 
decreasing. 

We  will  now  test  the  bending  moment  on  a  section  15  in.  from  the  edge  of  the 
column,  this  is  equivalent  to  taking  fe=3-5  in  our  formula  for  the  bending  moment. 

We  then  have  -  =i^=o-39 

I       9 
For  this  value  we  have  from  Fig.  19  0=0-037.     Now  the  effective  depth  at  this 
point  is  27  in.,  and  we  mav  assume  a  lever  arm  a  equal  to  0-9^=24-3  in. 
At  the  section  under  consideration,  therefore,  we  have 
Bending  moment  =  QiTF/ 

=0-037  X  315  X  loS  kip-in. 
=  1,260  kip-in. 

Bending  moment 


Area  of  steel  required  = 

baie  stre 

1.260 

=  3-24  in. 


Safe  stress  x  lever  arm 
_     1,260 
"16x24-3 

This  is  less  than  we  have  provided,  so  that  we  see  that  we  have  not  sloped  the 
footing  off  too  steeply  to  provide  adequate  strength  at  the  section  15  in.  from  the 
edge  ;  further  test  of  strength  at  other  sections  need  not  be  made. 

Bond  or  Adhesion  Stress  between  Bars  and  Concrete. — Since  the  footing  is  regarded 
as  consisting  of  four  short  cantilevers,  and,  in  short,  heavily  loaded  beams,  the  adhesion 
stress  has  to  be  watched  carefully,  we  will  next  calculate  this  adhesion  stress. 

We  will  assume  that  the  total  shearing  force  on  each  cantilever  at  the  ium^tion  of 

pillar  and  footing  is  one-fourth  of  the  value  of  S  previously  calculated — i.e.—  -   '  =  75 

kips.     This  acts  over  100  in.  effective  breadth,  in  which  there  are  ig— J<^bars,  the 
perimeter  of  each  of  which  =71X0-5  =1-57  in. 

Professor  Talbot  states  that  the  usual  formula  may  be  employed — i.e., 

Shearing  Force 


Adhesion  stress 


Perimeter  oi  bars  X  lever  arm 
_     75  X  1 ,000 


i9Xi-57X3o-t> 
=82-3  lb.  per  sq.  in. 

This  is  less  than  tlie  value  100  lb.  per  sq.  in.  allowed  by  regulation  42fl,  if  the 
ends  of  the  bars  are  hooked.  • 

Shear  Reinforceinent. — Professor  Talbot's  experiments  show  that  the  critical 
section  as  regards  shear  is  that  obtained  by  drawing  a  line  at  45°  from  the  edge  of  the 
pillar  to  the  centre  of  the  reinforcement — i.e.,  along  the  lines  GHJK,  Fig.  18. 
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The  shearing  force  to  be  considered  as  acting  on  this  critical  section  is  that  outside 
this  Hne. 

In  our  case  G// =  24 +2X34  =92  i^^- 

•J       A     315(1082-922) 
.  •  .  shearing  force  to  be  considered  =:£-^^-— _^^ '- 

_3i5X20oX  16 

~     108X108 

=  86-5  kips 

Justification  for  this  method  of  treatment  in  accordance  with  the  regulation  can  be 

found  in  regulation  18,  which  states  that : 

"  For  calculating  the  resistance  moment,  the  angle  of  dispersion  of  a  point 

load  through  hard  filling  and  concrete  shall  not  be  taken  at  more  than  45  degrees 

from  the  vertical." 

At  the  point  under  consideration,  the  effective  depth  is  12-5  in.,  so  that  the  lever 

arm  a  may  be  taken  as  11  in.,  and  the  breadth  is  the  perimeter  GHJK. 

5 

.  •  .  Diagonal  tension  stress  in  concrete  due  to  shear  =  —, 

°  ah 

_86-5X  1,000 

4X92X11 

=  21-4  lb.  per  sq.  in. 

This  is  much  less  than  the  60  lb.  per  sq.  in.  allowed,  so  that  no  special  shear  rein- 
forcement need  be  provided  by  the  regulations. 

We  are  now  ready  to  make  the  detail  drawing  shown  in  Fig.  20. 

The  hooked  ends  of  the  bars  have  to  be  m.ade  in  accordance  with  regulation  48fe, 
according  to  which  the  inner  diameter  of  the  hooks  shall  be  at  least  four  times  the 
diameter  of  the  bar,  except  when  it  fits  over  a  main  reinforcing  bar,  when  it  may  be 
equal  to  the  diameter  of  the  bar  ;  the  length  of  the  straight  part  beyond  the  end  of  the 
curve  shall  be  at  least /our  times  the  diameter  of  the  bent  bar. 

We  have  provided  an  end  cover  of  2  in.  beyond  the  ends  of  the  hooks,  although 
the  regulations  would  allow  a  smaller  cover,  since  regiilation  139  specifying  a  2-in. 
cover  refers  only  to  bars  anchored  otheiwise  than  by  hooks.  The  spacing  of  the 
horizontal  bars  at  the  centre  requires  slight  adjustment  to  allow  the  pillar  bars  to  pass 
over  them. 

It  is  always  desirable  to  indicate  on  the  drawings  the  length  of  bars  to  be  provided 
before  the  hook  is  made.  This  facilitates  taking  out  the  quantity  of  steel  for  estimating, 
and  saves  mistakes  in  erection. 

We  will  deal  m  the  next  article  with  the  design  of  a  reinforced  concrete  retaining 
wall. 
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REINFORCED  >  CONCRETE 
LINSEED  SlLO>~LINSEED 
OIL  TANKS  AT  PARRA^ 
MATTA,  NEW  SOUTH 
WALES. 


By  ARTHUR  J.  HART,  M.lnst.C.E..  M.C.I. 

The  foUotving  particulars  of  a  Reinforced  Concrete  Linseed  Silo  and  some  Linseed  Oil 
Tanks  'Will  probably  be  of  interest  to  many  of  oar  readers. — ED. 


The  one  time  administrative  centre  and  Government  seat  of  Xew  South  Wales, 
the  town  of  Parramatta,  distant  about  fifteen  miles  from  Sydney,  has  much  of 
interest  centred  about  it  reminiscent  of  the  early  colonial  days  in  Australia. 
With  the  transfer  of  the  Government  administration  to"  Sydney,  Parramatta, 
became  releg-ated  to  the  background,  and  for  many  years  has  scarcely  increased 
in  population,  and  possesses  the  quiet  air  of  an  English  country  town  of  5,000 
inhabitants. 


Ill  '    lltuip 


H>*>sLF      3ECTION 


H/ft.LF     ELEVATIOM 


HALF    PLAKI 
SHOWING    GANGWAY   CTVER   TANK8 


HALP    PLAN 
SHO>A/ING    ROOF 


Ui.  1  AU.s  1)1    I.iNM  111  ( )ii.  Tasks.   Parkama  i  i  v.   .\i  -.  i  .,  a;  i  a 

The  manufacture  o*"  linseed  oil  and  cake  has  for  many  years  been  carried 
on  at  this  place  .by  Messrs.  Meggitt,  Ltd.,  but  the  energetic  advertising  policy 
carried  on  by  this  lirm  since  its  reconstruction  some  three  years  ago  has  again 
brought  the  name  of  the  old  township  prominently  before  the  public  eye. 

As  linseed  has  not  yet  been  grown  in  Australia  in  any  quantity,  it  has 
been  necessarv  to  impo-t   the  seed  from  Calcutta,  and  as  it  was  found  that  the 
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cost  of  the  seed  varied  at  different  times  of  the  year  owing  to  various  causes, 
it  was  decided  to  extend  the  seed  storage  capacity  of  the  mill  considerably,  so 
that  advantage  could  be  taken  of  favourable  markets  to  purchase  and  store  the 
seed  until  it  was  required  for  use. 

The  linseed  is  imported  and  arrives  at  the  mill  in  bags,  and  before  the  silo 
later  described  herein  was  constructed  as  much  of  the  seed  as  was  possible 
was  stored  in  the  square  brick  silo  shown  in  the  illustrations,  and  the  balance 
was  stacked  in  the  bags.  It  was  reckoned  that  by  building  increased  storage 
capacity  and  bv  emptving  the  bags  straight  from  the  trucks  into  the  storage 


Linseed  St<>ra'~,i.   Silo  i> 


JURSt.    ul     CONSTRLCTION.    PaRRAMATTA,    Al'STRALIA. 


silos  a  great  economy  could  be  effected,  as  the  cost  of  stacking  and  handling 
bagged  seed  is  about  2s.  6d.  per  ton,  whereas  it  was  computed  that  the  cost 
of  handling  and  discharging  into  the  silo  direct  would  not  exceed  4^!.  per  ton. 

A  scheme  was  then  drawn  out  for  the  construction  of  a  row  of  circular 
remforced  concrete  silos  each  of  100,000  bushels  capacity,  and  the  first  of  these 
has  now  been  built,  and  the  conveyor  tunnel  beneath  it  arranged  to  connect  up 
on  either  side  with  the  silos  to  be  added  at  a  later  date. 

Unlike  the  usual  wheat  storage  scheme,   no  provision  is  necessary  for  the 
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grading-  oi  the  grain,  and  the  silo  is  therefore  constructed  as  one  single  bin 
lOo  ft.  high  above  ground  and  40  ft.  internal  diameter.  This  is  certainly  the 
largest  single  reinforced  concrete  bin  yet  constructed  south  of  the  Equator,  and 
the  work  is  therefore  of  more  than  usual  interest. 

The   bursling   pressures   on    the   silo   walls   were    calculated    by    means   of 
Janssen's  formulae,  and  the  conical  floor  at  the  bottom  of  the  bin  was  finished 


E    SIUO 


DDD 


RE 


S^4— K!^i!!^'jj?y^''^^»^ 


LOAOIMC    CHUTE.  ^ 

^•CONVEYOR    TUNNEL 

Diagram  of  Reinforced  Concrete  Linseed  Silo  and  adjacent  Mill.  Parramatta,  Almkalia. 

with  a  steel  float  to  an  angle  of  45  degrees.  Examination  of  the  interior  of  the 
silo  after  a  recent  emptying  showed  this  angle  to  be  quite  as  steep  as  was 
necessary,   the   seed   having  left  the  concrete  perfectly  cleanly. 

The  linseed  is  discharged  from  this  storage  silo  on  to  a  conveyor  band  by 
means  of  which  it  is  elevated  again  into  the  brick  silo,  which  is  used  to  supply 
the  daily  needs  of  the  mill.  The  future  storage  silos  will  also  feed  this  same 
brick  silo  by  means  of  the  conveyor  band  placed  in  the  conveyor  tunnel,  shown 
underneath  the  silo  in  the  diagram. 

LINSEED    OIL    STORAGE    TANKS. 

When  the  seed  passes  through  the  mill  it  is  first  crushed  between  rollers 
and  afterwards  heated  in  a  steam-jacketed  copper.  On  being  withdrawn  from 
this  last  it  is  placed  in  moulds  and  subjected  to  hydraulic  pressure,  bv  means  of 

23 


REINFORCED  CONCRETE  LINSEED  SILO. 


[CDNCKKriii 


24 


(Oj-  CXJNSTRUCTKSMAl-l 
^«gj^r,rf<F.r-PiNp^ 


REINFORCED  CONCRETE  LINSEED  SILO. 


which  the  oil  is  abstracted,  the  yield  of  oil  beings  about  33  per  cent,  by  weight 
of  the  seed.  The  compressed  seed  cake  which  is  left  is  the  linseed  oil  cake  so 
much  used  by  farmers. 

The  oil  is  drained  from  the  presses  into  settling  tanks,  and  after  remaining 
there  for  some  hours  it  passes  on  to  the  maturing  tanks,  where  it  remains  until 
clarified  and  mature. 

Owing  to  the  difficulty  of  obtaining  steel  plates,  these  maturing  tanks  have 
been  constructed  in  reinforced  concrete  lined  with  galvanised  corrugated  iron 
riveted  and  sweated  at  the  joints,  which,  with  careful  manufacture,  have  proved 
so  satisfactory  in  twelve  months  of  use  that  the  construction  of  additional 
irimilar  tanks  has  recentlv  been   undertaken. 


Linseed  Oil  Tank:>  in  cuLKbL  ui    '  ..ssiki  .  i  i"n     i  akkamx.  ia.  .^L>|- 

In  constructing  the  tanks  the  reinforced  concrete  fl(X)rs  were  first  poured, 
after  which  the  galvanised  iron  floor  was  hiid  and  riveted.  The  complete 
galvanised  iron  tanks  were  then  built  and  the  reinforcement  placed  around 
them  before  the  concrete  walls  were  poured.  After  the  concrete  had  l>een 
placed   the  exposed  work  was  finished  off  with   cement  plaster  ap.ilied  with   a 

wood  float. 

The  tanks  are  covered  with  galvanised  iron  and  timber  roofs,  open  to  the 
air  on  the  underside,  and  with  large  areas  of  glazing  to  assist  m  the  more 
speedv  clarification  of  th(;  oil. 

Indented  steel  bars  were  used  throughout  the  work  as  remforcemenl. 
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THE  CALCULATION  OF 
REINFORCED  CONCRETE 
STRUCTURES.  —  RAPID 
METHODS  APPLICABLE 
TO   BEAMS. 


By  N.  DE  TEDESCO, 

Cix'il  Engineer.  Ecole  Centrale,  Paris. 

The  follotuing  is  in  continuation  of  an  article  "which  appeared  in  our  issue  of  December, 
I91b.  By  an  o'versight  the  ttuo  diagrams,  Figs.  I  and  2,  ivere  omitted  in  the  pre-vious 
article  to  "which  they  have  reference. — ED. 


In  the  preceding  article  the  rational  coefficients,  «,  /^,  7,  S,  and  0,  have  been  indicated 
for  the  rapid  calculation  of  reinforced  concrete  slabs  in  such  a  manner  that  the 
working  stress  of  the  concrete  and  of  the  steel  does  not  exceed  the  prescribed  limits. 
These  coefficients  are  based  on  the  following  values:  — 

111  =  15  /  =  1600  c  =  600 

The  following  table  also  gives  the  value  of  these  coefficients  for  other  limits  of  c 
between  400  and  800  lbs.  per  sq.  in. 


c 

a 

^i 

y 

5 

0 

a 
d 

mc 

6ca 

v'       2mc 

a 

2ca  (3— a) 

%mc  (3 — a) 

mc  +  t 

t 

3t 

3 

lb. 

400 

0-273 

595 

0-041 

3,636 

0-867 

0-909 

500 

0-319 

855 

0-060 

4,468 

0-829 

0-894 

600     • 

0-360 

1,140 

0-081 

5,280 

0-790 

o-88o 

700 

0-396 

1,443 

0-104 

6,076 

0-750 

0-868 

800 

0-428 

1,760 

0-129 

6,859 

0-707 

0-857 

It  will  be  remembered  that : — 

at  od 

Rectangular  Beams. — The  rectangular  beams  only  differ  from  the  slabs  by  the 
fact  that  their  width  b  is  small  compared  to  their  height  ds. 

It  will  also  be  necessary  to  treat  in  the  same  manner  as  rectangular  beams  the 
T-beams,  the  slabs  of  which  are  working  in  tension.  This  is  the  case  where  the 
sections  of  a  beam  are  considered  as  subjected  to  a  negative  bending  moment,  or  when 
the  horizontal  slabs  on  either  side  of  the  beam  do  not  form  a  floor  but  a  ceiling. 

Although  the  methods  of  calculation  of  rectangular  beams  are  the  same  as  those 
which  have  been  indicated  for  the  slabs,  it  is  necessary,  in  order  to  make  the  matter 
quite  clear,  that  a  few  examples  should  be  given,  inasmuch  as  in  the  actual  case  the 
width  b  or  the  thickness  ds  are  not  determined. 

Find  the  width,  the  height  and  the  reinforcement  of  a  rectangular  beam,  working 
under  a  uniform  load  of  700  lbs.  per  ft.  on  a  span  of  17  ft. 

We  shall  assume  at  first  /;  =  8  in.,  d  =  20  in. 
26 
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Dead  weight    ^  x??  x  156  lbs.  =  8  x  20  X  — =  174  lbs. 
^       12     12  12 

Total  load -700+ 174  =  874 

874x17^  X12 


B 


=  378879 


378879  X -=568319 


^  =  V^  =  V5-^8319^22-33 
ji  1140 

-namely,  for  a  width  of  1  ft.  instead  of  8  in. 


K-' 


-4  ®    ^, 


/ 


^ 


1   1 


Fig.  1. 
{Referred  to  in  previous  article.) 


^ 


Fig.  2. 
{Referred  to  in  previous  article.) 

The  assumed  height,  (/  =  20  in.,  is  therefore  too  small.     We  must  therefore  increase 
this  height  to  21  in.,  for  instance,  and  6  to  12  in.     We  shall  have  in  succession : 
Total  load=12  X21  X  1^  +  700  =  973 

^  =  973X17-  X  12  =  421796 
8 

1140 
rf,,  =  19*24+ 176  =  21  in. 
^,=  19*24  X -081  =  1-56 


Verification. 


•36X19"24  =  6"93 


12 


-X 6-93-  =  15x1-56  (19-24-6-93)  =  23-4x  12-31  =288-05 
288-15-288'05  =  0"10 


12 


7  =  ±-X6-93'+l5xl-56xl2-3r=1331-25  +  3545-94  =  4877-19 
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-S6"34 


5^421796 

/      4877-19 

c  =  86-34X6"93  =  598-34 

f=86"34  X  12"31  X  15=1594177 

Bars  in  compression. — If  it  is  necessary  to   keep  the  scantlings  of  8  in.  x  20  in.. 

•which  we  have  found  insufficient  for  the  span  and  the  superload  indicated  above,  it  will 

be  necessary  to  provide  for  bars  working  in  compression.     This  will  be  all  the  easier 

if  we  follow  the  example  of  certain  constructors  who  provide  bars  in  the  compressed 

area  for  constructional  purposes   in   order  to  provide  a  better  method   of  fixing  the 

stirrups,  or  round  bars,  and  to  resist  negative  bending  moments  due  to  partial  fixing  of 

the  beam.     For  the  scantlings  of  18  in.  X20  in.  the  preceding  calculations  have  given  us 

5  =  378879,  corresponding  to  568319  for  1  ft.  of  width.     Applying  the  formula  we  have  : 


C=12  in. 


.4,= 


5^ 
568319- 


1140X18 


5280X18 


=  2'09 


and  for  C  =  S  in. 


.4,-  =  2-09  X  -  =  1-393 
12 


namely,  for 


&  =  8  in. 


.4, 


2*09X--=r393 
12 


To  determine  At  we  shall  provide: — 
a  =  d-f=d-"- 


18- 


1  S 

-0*36  X— =15"84 

3 


At  = 


B 


378879 


at     15'84X  16000 


=  1-49 


Verification. 


6'4S 


•36X1S  =  6'48;   » -/=6'48  — ^  =4'32 


18-6-48-=ir52 


8  in. 


/=— 'xenS  +15x1-393  X 4-32'+ 15 


r49  :■:  11-52' 


7=725-33 +  389-89  +  2966-07=408l-29 
B_378879. 
/       4081 
c  =  92-81  x6-48  =  601-40 


=  92-81 


f  =  92-81  X  11-52  x  15  =  16037 
To  facilitate  the  determination  of  the  scantlings  of  beams  the  following  table  will 
be  found  useful.      It  gives  the  moment  of  resistance  and  the  section  of  the  reinforce- 
ment for  various  theoretical  heights  d  and  widths  6=12  in. 


I. 

Ac=o 

■  1 

II.  .4c 

=  4'                       "I-  A. 

■3 

IV. 

1 

.^.=.-1/ 

No. 

d 

■ 
ds 

Own 

A, 

Bo 

Ac       At 

B,         '    Ac 

Af 

B.. 

-4c  = 

/;, 

in. 

Weight 

At 
sq.  in. 

in. 

lb. 

sq.  in. 

1 

sq.  in.sq.in. 

sq.in. 

sq.  in. 

I 

12 

IS-.-) 

176 

0-972 

164,160, 

027  '  i-o8 

181,134  ■  o-6o 

I -20 

201,917;;  1-56 

262,656 

2 

16 

17-5 

228 

1-296 

291,840 

0-36  J  1-43 

322,016  ,  o-8o 

I -60 

3SS,q64      2-o8 

466,042 

3 

20 

21-5 

280 

1-630 

456,000 

0-45  1  1-79 

503,150  :  100 

2-00 

560,880     2-6o 

729,600 

4 

M 

25-5 

332 

1-944 

656,640 

0-54  1  2-15 

724,536       1-20 

2-40 

807,667  1  3-12 

1,050,624 

."I 

28 

29-5 

384 

2268 

893,760 

063 

2-51 

986,174     1-40 

2-8o 

1,099,325     3-64 

1,430,000 

6 

3^ 

34-0 

442 

2-592 

r.  1 67,360 

0-72 

2-87 

1,288,065     1-60 

3-20 

1,435,853     4-16 

1,867,776 

7 

3b 

38-0 

494 

2-916 

1,477,440 

o-8i 

3-23 

1,630,207  '   i-8o 

3-60 

1,817,252     4-68 

2,363,904 

40 

42-0 

546 

3-240 

1,824.000 

0-90 

3-59 

2,012,601     200 

400 

2,243,520  P  5-20 

2,918,400 

9 

44 

46-0 

598 

3560 

2,207,040 

0-99 

3-95 

2,435,203       2-20 

4-40 

2,714,660  '  5-72 

3,531,200 

iO 

46 

50-0 

650 

3-884 

2,626,560 

i-o8 

4-31 

2,898,146 ,  2-40 

480 

3,230,669     6-24 

4,202,496 

28 
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It  must  be  remembered  that  for  any  particular  width  b  varying  from   1  ft.  it  is 

sufficient  to  multiply  by  7^  the  relative  figures  to  the  various  values.     This  table  has 

been  calculated  for  : — 

w  =  15;  c  =  600;  f==  16000 

a  =  -36;  ,3=1140;  7  =  '081;  5  =  5280 

aAi  =  '88d  X  16000  =  14080  d 

B,=  1140.r;  ^4,  =  ^^ 

B,  =  ri034B,;  At=      ^'       ;  ^c=  — 
'  14080  ii  4 

^2=  1-2307 B„;  .4,= ^^—•,  .4,-  =  — 

'  14080 rf  2 

B,  =  r60B„;  At  =  — ^^  •  .4,  =  ,4/ 
14080  J 
The  coefficients,   ri034,  r2307,  1*60,  have  been  obtained  by  combining  the  two 
equations : — 

„  .       B-1140^'       ,    ,  B 

Hence:  Ac=      ^^r^rz-, —  and  ,4/  = 


B 


5280ci  14080  rf 

jm^A  =      ^"      1 
1-0-375-7-'     l--375-r' 
^t  At 


This  table  can  be  verified  and  the  manner  in  which  it  must  be  used  is  indicated  by 
the  following  example : — 

Calculate  a  rectangular  beam  supporting  a  uniformly  distributed  load  of 
700  lbs.  per  ft.  and  having  a  span  of  17  ft. 

Leaving  out  of  consideration  first  the  dead  weight  we  shall  have : 

,»       .       ^  T.     700X17^X12 

1".     Ac  =  0  B  = =303450 

Firstly.  4c  =  0 

We  shall  choose  in  the  column  Be  the  moment  which  is  the  next  greatest,  namely, 
456000,  corresponding  to  d  =  20  for  .4/  =  r63. 

But,  as  the  dead  weight  is  280  lbs.  per  ft.,  we  must  deduct  456000,  the  bending 
moment  due  to  the  dead  weight. 

2^5]lIZ:^=  121380 

8 

We  only  dispose  in  reality  of  the  following : 

456000-121380  =  334620 
The  width  to  be  provided  will  therefore  be : 

^  =  ^-0^1^  =  10-882 
33462 

We  will  naturally  provide  for  6  =  11 

At  =  '^-^^^  xr63  =  r478 
12 

We  will  choose,  for  instance,  4  bars  \l  in.  diameter. 

Verification.  C  =  10-882;  ^  =  20;  ;/  =  -36  x  20  =  7-20 

d-;;=20-7-20  =  12-80;  111  At  =  l5  x  1-478  =  22-17 

3  '.4986 


+  22-17  xl2-80'  =  3632  * 
X  10-882 " 
12  S 


73  =  303450  X 280^121882  X  17^  ''^^  =  ^U518 


N.  DE   TEDESCO. 


IC3NCBETH 


413518 


=  82-93 


Secondly 


I        4986 

c  =  82'93  x7-20  =  597 

f  =  82'93  X  12*80  X  15  =  15923 

5 
for  ^  =  20;  B,  =  ^;  A, =  179;  Ac'- 


•45 


We.  dispose  therefore  of  : 


Ac  = 


A, 


d  =  20;  B,  =  503150:  .4^=179;  /lc  =  "45 

«  =  "36  X20  =  7'20;  «-/=§  x7"20  =  4"80 

503150-121380  =  381770 

C  =  3-03450^    g.53 

381770 

^<  =  9"53  X  179  =  1421  ;  w.4,  =  15  x  1421  =  21-32 

^c  =  9'53  x-45  =  -36;  ;»4,  =  15  x-36  =  5'4 

9-53 

/=^-  X7*20'  =  118570) 


+  5'4  X  4*80-  =    124-40 
3493'00 
9'53 


L4803"10 


+  21*32  X 12-80 
B  =  303450  4-  280  X 
B     399846 


12 


X  17' X  ^^  =  399846 


:  83-25 


/       4803*1 
c  =  83"25  x7'20  =  599-40 
^  =  83-25  X  12-80  X  15  =  15990 


Thirdly 


Ac=  ~:r  for  d 
B,= 560880 


20 


At 


3"4c  =  Y  «  =  20;  S,  =  560880;  4,  =  2  ;  A^=\ 
560880-121380  =  439500 


Remark.     The   numbers    of   the   above    table    are    on    the    assumption    that    the 
compressed  bars  are  placed  at  a  distance    ^r'  =  'l2d,  but   if  these  bars  are  placed 

higher,  if  possible,  the  resistance  will  be  slightly  increased. 

^     303450 
C=.-,^.^^X  12  =  8-285 


A, 
m  A, 


439500 

8*285  8-285 

=  ^^Xl  =  -69;  4,  =  ^^X2  =  l-38 

=  15X-69  =  10'35  ;  m  ^,=  15X1-38  =  20-70 

2 
n  = -36X20  =  7-20;  »-/=jX7-20  =  4-80 


Verification. 


,     8-285      , 

Z  =  —y-X  7-20^=  1031 

+  10-35  X   r8b'  =  238 

+  20-70x1^80*  =  3391, 


4660 


D     ,«,.r^  ,  280X8-208 ,     12 

B  =  303450H ^^         XI7-X  -  =  387253 


30 


Ia^  constructional! 
&■  ENGlMEEJilNG  — ^, 


CALCULATION  OF  CONCRETE  STRUCTURES. 

B     387253 

c  =  83"10xy20  =  598'32 

f  =  83'10  xl2"80X  15  =  15955 

4". 4, -A,.     d  =  20;  53  =  729600;  ^,  =  ^4, =2-60 

729600-121380  =  608220 

303450     .  ^^^ 
r=  =5  989 

^      608220         ^°^ 

2"60X5'989 

.4,  =  ^,= Y2 ^^'^^ 

ni  Ac  =  m  >1,--I5xr30  =  19'50 
Verification.  5 '989 


X7"20  =745 


+  19-50(4-80'+  12-80')  =  3644  I 


4389 


5-989 .     12 

B  =  303450  + 280  x^^  x  17' Xy  =  364029 

B     364029 
7  =  ^38^  =S-''^^ 
c  =  82-94X7-20  =  597 
^  =  82*94  X  12-80  x  15  =  15924 
We  dispose  therefore  of  four  solutions  to  the  given  problem,  and  it  is  possible  to 
compare  the  cost  prices  from  the  following  quantities  : 

Concrete.  Reinforcement. 

1"     Bu   Uc  =  o  )10-882X22  =  240  sq.  in.  1*48  sq.  in. 

2"     B,  (4,=  ]^-)  9*53  X  22  =  210      .,       1-42+   '36  =  1-78 

3"     Bj  (Ac=-y')  8"285X22  =  182       ..        r38+   "69  =  2-07 
4"     Bs   {Ac  =  At)    5-989X22=132       „        1-30+1*30  =  2-60 
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A    COAL   STORE 
AT     LEEDS. 


The  accompanying-  photographs  show  a  coal  store  and  gantry  recently  erected 
of  reinforced  concrete  for  the  City  of  Leeds  Electric  Light  Department  at  South 
Accommodation  Road. 

The  work  consisted  in  the  erection  of  a  retaining  wall  on  three  sides  of  the 
existing  yard,  the  remaining  side  being  formed  by  brick  walls  of  adjoining 
structures.  An  elevated  gantry  or  viaduct  in  reinforced  concrete  runs  through 
the  middle  of  the  coal  store  for  the  purpose  of  loading  and  unloiading  the  coal 
bv  means  of  wagons  and  cranes. 


A  Reinforced  Concrete  Retaining  Wall,  Coal  Store,  Leeds  Electric  Light  Depaktmknt, 

The  whole  of  the  work  was  carried  out  in  accordance  with  the  requirements 
and  instructions  of  Mr.  G.  W.  Atkinson,  M.S. A.,  and  the  plans  for  the 
reinforced  concrete  work  were  executed  by  Messrs.  Edmond  Coignet,  Ltd.,  of 
^^'estminster,   London,  S.W. 

The  photographs  show  the  coal  store  in  its  present  condition  and  containing 
a  certain  quantity  of  laccumulated  coal. 

The  principal  dimensions  and  features  of  this  work  are  as  follows  : — 

A  long  retaining  wall  calculated  to  maintain  the  earth  embankment  of  the 
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adjoining-  street,  and  also  the  pressure  of  the  coal,  was  constructed  in  bavs  of 
14  ft.  7  in.,  14  ft.  9  in.,  and  13  ft.  11  in.,  with  a  middle  bay  of  1 1  ft.  4  m. 
to  form  a  gateway,  the  total  length  of  this  wall  being  about  319  ft.  On  account 
of  the  inclination  of  the  ground  the  height  of  the  wall  varies  between  22  ft.  6  in. 
at  the  upper  portion  to  24  ft.  6  in.  in  the  middle,  gradually  tapering  down  to 
18  ft.  6  in.  at  the  lower  end.  This  long  wall  is  formed  by  means  of  buttresses 
in  reinforced  concrete  supporting  horizontal  beams  and  panels,  the  thickness 
of  the  panels  being  only  6  in.  for  the  lower  panels  and  5  in.  for  the  upper  ones. 
At  the  top  of  the  coal  store  a  reinforced  concrete  retaining  wall  has  been  con- 
structed having  a  total  length  of  152  ft.  6  in.  in  bays  of  15  ft.  An  opening 
through  this  wall  at  the  top  leads  on  to  the  gantry  by  means  of  an  abutment,  or 


\     Rl   IMORCliD    CONCRKTE    VlADUCT.    Co.M.    SxORE.     LkEUS    I-'i.F.CTRIC    I.UiHT     D  Kl'ARTM  EN  T . 

earth  embankment,  retained  by  means  of  two  parallel  reinforced  concrete  walls 
73  ft.  7  in.  long,  also  in  bays  of  15  ft.  span  between  buttresses,  this  wall 
forming  return  of  the  principal  retaining  wall.  At  the  lower  end  of  the  coal 
store  a  retaining  wall  38  ft.  in  length  has  been  constructed.  On  either  side  of 
this  wall  there  are  two  bays,  10  ft.  wide,  to  enable  carts  to  enter. 

The  gantry  has  a  total  length  of  389  ft.,  not  including  the  embankment. 
It  is  composed  of  fifteen  bays  of  20  ft.  each,  supported  by  reinforced  concrete 
pillars,  and  an  odd  bay  at  the  end  of  14  ft.  The  height  between  the  ground 
level  of  the  coal  store  and  the  top  of  the  rails  is  24  ft.  The  platform,  which 
carries   two  separate  tracks,   one   for   the  crane  and  one    for   the    wagons,    or 
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trams,  has  a  total  width  of  17  ft.  6  in.  over  all.  The  rails  are  so  arranged  as 
to  come  on  the  top  of  longitudinal  beams  designed  sufficiently  strong  to  carry 
the  rolling  loads.  On  either  side  of  the  rails  the  platform  is  extended  by  means 
of  cantilever  beams  and  slabs,  and  the  side  beams  are  fitted  with  a  movable 
standard  and  chains.  The  pillars,  which  have  scantlings  of  18  in.  by  18  in., 
are  braced  together  bv  means  of  horizontal  and  diagonal  beams,  in  order  to 
ensure  the  rigidity  of  ihe  structure. 

The  whole  of  the  reinforcement  was  carried  out  by  means  of  round  bars 
of  mild  steel  varying  between  ts  in.  and  ij  in.  The  buttresses  and  the 
horizontal  beams  were  reinforced  by  means  of  straight  bars  tied  together  by 
stirrups,  and  the  slabs  were  composed  of  bars  arranged  to  form  a  meshwork. 
The  pillars  of  the  viaduct  and  the  braces  contained  straight  bars  tied  together 
by  means  of  spiral  lies.  The  main  beams,  however,  supporting  the  crane  track 
were  formed  by  means  of  two  steel  frames  or  units  composed  of  seven  bars 
having-  their  ends  gradually  bent  up  diagonally  and  hooked  over  a  top  longi- 
tudinal bar  in  order  to  form  a  kind  of  truss  inside  the  concrete,  the  bent  up 
ends  of  the  bars  being  utilised  to  resist  the  shear  towards  each  end  of  the  beam 
where  it  is  greatest.  The  secondary  beams,  however,  were  composed  of 
straight  top  and  bottom,  bars  united  together  by  means  of  stirrups  of  small 
diameter,  and  the  reinforcement  of  the  slab  of  the  platform,  was  simply  com- 
{X>sed  of  a  meshwork  of  principal  and  secondary  bars. 

The  reinforced  concrete  work  was  carried   out  by   Mr.  W'm.   J.    Turnbull. 
contractor,  of  Leeds. 
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CONCRETE  BOATS. 


The  folloiving  notes  on  Ship  Building  in  Norway  ha've  been  prepared  for  us  by  Dr,  A. 
B.  Searle.  For  the  draivings  and  photographs  tve  are  indebted  to  Mr.  G.  Brockner  and 
Messrs.  Fougner. — ED. 


The  fact  that  concrete  increases  in  streng-th  and  hardness  the  long"er  it  is 
immersed  in  water  makes  this  material  particularly  suitable  for  the  construction 
of  boats,  barges,  and  even  larger  vessels.  Indeed,  as  long"  ag^o  as  1849  a  boat 
was  built  of  concrete  by  a  Frenchman  in  the  United  States  and  found  to  he 
exceptionally  durable.  During  the  past  few  ycrars  the  development  of  concrete 
boats  has  been  very  rapid.  The  g'reatest  advance,  however,  has  been  made  by 
the  Porsg-rund  Cementstoperi  A/S,  of  Porsg^rund,  Norway,  who,  in  191 5,  con- 
structed a  concrete  pontoon  53  ft.  long",  16  ft.  wide,  and  7  ft.  high,  consisting 
of  a  deck  supported  by  two  watertig^ht  compartments.  The  concrete  v.as  a 
I  :  3   mixture   v.ith   a   plentiful   supply  of  small   stones.       The  walls  were   2  in. 

thick.  The  mixture  was  cast  Ijetween 
double  shutters  and  only  required  two 
days  for  its  completion,  twenty  mjn 
being  employed.  The  work  was  so 
well  done  that  the  pont(X)n  was  quite 
watertight  without  any  further  dress- 
ing or  finishing  being  required. 

Notwithstanding  this  success, 
several  improvements  were  called  for; 
the  use  of  double  shutters  was  incon- 
venient, there  was  some  uncertainty  as 
to  the  reinforcement  being-  kept  in  its 
proper  place,  and  the  casting  lequired 
exceptional  care  and  skill.  /Xfter  iluc 
consideration  Mr.  Harold  .Mfsen,  th«' 
manager  of  the  works,  decided  to  construct  future  boats  upside  down  and  to  use 
only  an  internal  core  instead  of  the  double  shuttering.  This  greatly  facilitated  the 
"construction,  but  necessitated  inverting  the  vessel  before  it  could  be  used.  1  his 
problem  was  solved  in  the  following  ingenious  manner,  for  which  letters  patent 
have  been  g-ranted  :  The  hull  is  launched  in  a  perfectly  stable  position,  u  (/m.o-.  i). 
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Fig.  1. 


Diagram  showing  how  Vessel  rights 
itsele  after  launching. 
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Fig.  2.     Inverted  \'icssel  Entering  the  Water. 


Fig.  3.     Vessel  Commencing  to  Right  Itself 


36 


E 


CONSTEUCnONA 
ENGIMEE^ING 


i 


CONCRETE  BOATS. 


and  water  is  allowed  to  enter  the  centre  and  the  two  upper  compartments  bv 
men  in  boats  alongside  opening-  air-cocks  leading-  to  these  parts  of  the  vessel, 
so  that  it  .attains  to  position  h.  This  position  is  unstable,  as  the  centre  of 
gravity  of  the  hull  lies  near  point  7,  with  the  result  that  the  vessel  begins  to 
turn  over — slowly  at  first,  then  gradually  more  rapidly,  and,  finally,  slowlv, 
until  the  vessel  has  fully  righted  itself.  The  water  is  then  pumped  out  in  the 
customary  manner  and  the  launching  of  the  vessel  is  complete.  The  process 
of  launching  is  also  shown  in  the  photographs  reproduced  herewith,  Fig-.  2 
showing  the  vessel  entering  the  water  in  an  inverted  position.  Fig  3  showing 
it  at  an  early  stage  in  the  turning,  Fig  4  when  it  is  about  half-righted,  and 
Fig.  5  giving  a  view  of  the  completely  righted  vessel. 

These  photographs  show  a  motor-boat  of  200-ton  load  capacity,  20  ft.  long, 
0  ft.  wide,  and  v/ilh  sides  2  in.  thick,  designed  by  Messrs.  Bonde  and  Xorman, 


^.^''" 


-.-aST 


-si:i.  Half  RiGHXtLi. 


and  built  by  the  same  firm  as  the  jx^iitoon,  which  has  proved  the  utility  of 
this  mode  of  construction  and  launching.  The  core  was  mounted  on  a  sliding 
platform  or  sledge,  which,  at  the  launching,  was  pushed  into  the  water,  taking 
the  vessel  with  it.  The  core  was  easily  taken  to  pieces  and  reassembled  and 
can  be  used  repeatedlv.  The  reinforcement  was  csompleted  before  the  castinjf 
was  commenced,  the  latter  requiring  two  days.  The  concrete— which  was  a  rich 
mixture  (i  :  2)  without  any  stones— required  the  service  of  40  men  for  the 
casting,  this  being  done  partly  by  hand  and  partly  with  the  aid  of  compressed 
air.  The  concrete  was  allowed  three  weeks  in  which  to  harden,  so  that  the 
whole  time  required  for  the  construction  of  such  a  boat,  including  the  shutter- 
ing or  core  and  the  reinforcements,  is  less  than  six  weeks.  No  special  dressing 
or  finishing-coat  was  used,  but  the  surface  was  smoothed  after  the  .ompletK.n  of 
the  casting. 
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Whilst  it  is  difficult  1o  show  many  details  in  small  illustrations,  our  reader.'^ 
will  be  interested  in  studying-  carefully  Figs.  6-9,  in  each  of  which  the  dimen- 
sions are  stated  in  millimetres.  Fig.  6  is  a  longitudinal  section  and  Fig.  7  r: 
plan   showing    the   general    arriangement    of    the    reinforcement   in   the  bottom, 


Fig.  9.     Rkinforcement   for  Rib  IS. 

sides  and  deck  of  the  barg-e.  Fig.  8  shows  the  framework  for  rib  t8,  and 
Fig.  9  the  reinforcement  employed  for  this  rib. 

The  low  cost  and  rapidity  of  construction  are  such  as  to  offer  great  possi- 
bilities to  the  shipbuilding  world.      Consequently  the  Porsgrund  Co.  is  pushing 
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ihe  work  vig^orously  and  expects  to  build  larger  and  ever  larger  boats,  suitable 
tor  overseas  traffic.  The  present  demand  for  vesels  is  such  that,  to  meet 
them   and    to   cope   with    anticipated  orders,    a  licence  has   been    granted  to  a 


subsidiary     firm — Verstlandsk    Betonbaatbyggeri    A/S,     ol     \tie     Arnc,     near 
Bergen. 

Concrete  vessels   are   relatively   heavier   than  those   built    of   steel,    but   the 
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patentees  claim  for  them  the  advantag'es  of  greater  durability,  more  resistance 
to  fire,  g-reater  cheapness,  and  rapidity  in  the  construction  of  vessels  of  standard 
design,  and  great  facility  in  repairs.  There  can  be  no  question  as  to  the  suit- 
ability of  concrete  barges  for  relatively  quiet  waters,  .and  their  use  in  large 
numbers  for  this  purpose  may  be  'anticipated  with  confidence,  especially  as 
the  Committee  of  Lloyd's  Register  of  Shipping  has  approved  the  erection  and 
will  facilitate  the  insurance  of  reinforced  concrete  vessels  up  to  500  tons  dead- 
weight capacity.  So  far  as  their  use  on  the  high  seas  is  concerned,  much  must 
be  left  to  actual  trial.  Notwithstanding  this  fact,  there  is  an  enormous  demand 
for  reinforced  concrete  barges  at  present  as  a  means  of  increasing  tonnage 
whilst  using  a  minimum  of  steel,  .and  that  in  the  simplest  possible  form. 

We  understand  that  there  is  an  immediate  prospect  of  reinforced  concrete 
vessels  being  built  in  this  country,  and  this  will  enable  us  to  keep  in  line  with 
our  Allies  and  other  nations  in  this  very  important  matter. 


Fig.  11.      FoLG> 


D.W.    CAIWCITY    USKD    BY    THE 


-Norwegian   .\a\'V. 


MEMORANDUM. 

An  Example  of  Rapid  Shipbuilding  in  America. —  The  accompanying  four 
illustrations  show  the  weekly  progress  of  a  concrete  ship  under  construction  at 
Montreal  by  the  Atlas  Construction  Co.  The  vessel  has  a  length  of  125  ft.,  a  beam 
of  22  ft.,  and  a  depth  of  13  ft.  She  will  be  of  the  single-screw  type,  capable  ot  a 
speed  of  about  8  mile^  an  hour.  The  constructional  steel  ribs  are  set  27  in.  apart, 
and  the  concrete  shell  is  from  3  to  5  in.  in  thickness. 
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Septemrhr  141  h.   1917. 
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September  21st,  1917. 


September  28th,  1917. 
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Recent  Papers  and  Discussions.      ' 


It  is  our  intention  to  publish  the  Papers  and  Discussions  presented  before  Technicjil 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
m  such  a  manner  as  to  be  easilv  available  for  reference  purposes.— ED. 


THE  CONCRETE  INSTITUTE. 

THE      CORROSION     OF     IRON    AND    STEEL, 
WITH  SPECIAL  REFERENCE  TO  REINFORCED 

CONCRETE. 

By  J.  NEWTON  FRIEND,  D.Sc,  Ph.D.,  F.I.C.,  Carnegie  Gold  Medallist. 

Tlie  foJhnvirig  is  an  abstract  from  an  exceedingly  interesting  paper  read  before  the 
Concrete  Institute  in  November.  In  the  first  part  of  the  paper  the  author  dealt 
at  some  length  -with  the  early  history  of  iron.  .1  short  report  of  the  discussion  ivliicit 
followed  is  also  given. — Ed. 

Owing  to  the  unprecedented  imporl;ince  of  'ion  in  its  relation  to  mixlern  civilisalii'n 
the  early  history  of  the  metal  possesses  peculiar  fascination  for  the  antiquary.  It 
is  safe  to  assert  that  the  wonderful  progress  which  has  marked  our  path  durinj^ 
the  last  loo  years  would  not  have  been  possible  had  not  the  earth  possessed  an 
abundant  supply  of  iron  ore.  It  is  iron  in  some  form  or  other  that  constitutes  the 
backbone  both  of  our  railways  and  of  our  mercantile  marine.  .Aj^ain,  reinforced 
concrete,  in  which  we  are  all  specially  interested,  owes  what  strentjth  and  adapta- 
bility it  possesses  almost  entirely  to  its  iron  frame.  I  am  suftlciintiy  optimistic 
to  believe  that  a  brilliant  future  is  already  assured  for  this  material. 

HISTORY    OF    CORROSION. 

The  tendency  for  iron  to  rust  upon  exposure  to  air  is  too  |)ronounced  to  have 
escaped  the  notice  of  even  the  most  primitive  workers  of  this  metal.  Pliny,  who 
compiled  his  famous  Natural  History  nearly  2,000  years  a^o,  waxes  eUx|uent  «.n 
the  subject.  "  Nature,"  he  writes,*  "  in  conformity  with  her  usu.il  benevok'nre,  has 
limited  the  power  of  iron  by  inflicting  upon  it  the  punishment  of  rusi  ;  ap<l  luis  thus 
displayed  her  usual  foresight  in  rendering  nothing  in  existence  more  ixTishable  than 
the  substance  which  brings  the  greatest  dangers  upon  p<-rishable  mortality." 

Although  rusting  of  iron  has  been  observed  for  thousands  of  years,  it  is  only 
comparatively  recentlv  that  commercial  interests  have  demanded  a  thorough  scientific 
study  of  the  subject ;  and  as  iron  bcx-omes  more  and  more  the  consort  of  civilisation, 
so  will  the  need  of  combating  corrosion  become  proportionately  greater. 

CONDITIONS     ESSENTIAI.     TO     TIIK     (ORKOSIOV     Ol" 


IRON. 

corrosion    of    iron 

more   iinportant    farts 

concerning  the  cause  of  rust  formation. 

I.   Water  alone  is  without  appreciable  action  upon  iron  at  ordmary  temper.ifures. 


Before   passing   on    to    consider   the    means   of  preventing    the 
it  mav  be  well   for  us  to  pass  briefly  in  review  a  few  of  the  moi 


Ikiok  34,  Chap.  40.    Translated  by  I'ostork  an.!  Riley.   185; 
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2.  Water  vapour  is  without   visible  action   upon   iron   at  ordinar>-   temperatures. 

3.  Dry  air  or  oxygen  has  no  visible  action  upon  iron  at  ordinary  tempei  atures, 
but  when  the  temperature  is  raised  to  220°  C.  iron  acquires  a  pale  yellow  tint  and 
at  higher  temperatures  becomes  straw  coloured,  purple,  and  finally  blue.  These  are 
known  as  tempering  colours  and  are  caused  by  thin  superficial  layers  of  oxide,  as 
is  proved  by  the  fact  that  they  are  not  produced  even  by  prolonged  heating  in  vacuo.* 
They  are  obtained  even  in  perfectly  dry  air,  such  as  that  resulting  from  prolonged 
exposure  to  phosphorus  pentoxide.+  These  layers  tend  to  protect  the  underlying 
metal  from  attack  and  differ  from  rust  in  being  anhydrous  and  tenacious.  Rust, 
on  the  other  hand,   is  usually   hydrated,  porous,   hygroscopic,   and   friable. 

4.  A  mixture  of  water  vapour  and  air  is  without  action  on  iron  at  ordinary 
temperatures,  provided  no  liquid  water  is  allow-ed  to  condense  on  the  metallic  surface. 

THE  CHEMICAL  NATURE  OF  RLST. 

Rust  is  essentially  hydrated  ferric  oxide,  the  extent  of  hydration  varying  con- 
siderably according  to  circumstances.  In  colour  rust  ranges  from  brown  to  red, 
and  it  usually  happens  that  the  red  is  less  hydrated  than  the  brown.  Some  ferrous 
oxide  is  generally  present,  particularly  if  the  metal  has  not  been  completely  oxidised 
awa>.  This  oxide  has  a  blackish  appearance  and  may  be  found  in  the  inner- 
most layers  close  to  the  metal. |  Rust  also  contains  free  watei'  in  addition  to  that 
chemical.}'  combined  with  it,  for  it  is  a  hygroscopic,  porous  mass.  It  also  readily 
absorbs  carbon  dioxide  from  the  air.  These  two  properties  serve  to  render  it  an 
active  stimulator  of  corrosion.  The  carbon  dioxide  dissolves  in  the  water  to  carbonic 
acid,  which  attacks  a  portion  of  the  iron  yielding  ferrous  carbonate.  This,  in  turn, 
is  oxidised  by  the  air  to  rust. 

According  to  Bauermann,  when  iron  rusts  it  expands  to  some  ten  times  its 
original  volume.  This  may  possibly  be  somewhat  of  an  exaggeration,  but  the  fact 
remains  that  very  appreciable  expansion  does  take  place  on  rusting-,  a  property 
that  is  made  use  of  by  the  plumber  in  his  rusts  joints.  This  expansion  is,  to  the 
worker  in  ferro^concrete,  a  serious  problem.  If  the  metal  once  begins  to  rust  a 
cracking  of  the  concrete  is  inevitable ;  more  air  and  water  enter  so  that  corrosion 
now  proceeds  apace,  and  the  structure  becomes  proportionately  weakened. 

THE    INFLUENCE     OF     INORGANIC     SALTS     UTON    THE    CORROSION    OF     IRON. 

The  influence  of  aqueous  solutions  of  inorganic  salts  upon  the  corrosion  of  iron 
depends  upon  a  variety  of  factors  such  as,  for  example,  the  chemical  nature  of  the 
salt,  its  concentration  and  the  temperature  of  the  solution. 

At  ordinary  temperatures  a  very  dilute  solution  of  sodium  carbonate  is  con- 
siderably more  corrosive  than  tap  water.  But  if  the  concentration  be  increased  to 
o  25  per  cent,  and  above,  the  metal  is  entirely  protected  from  rusting.  Similarly, 
a  3  per  cent,  solution  of  common  salt  at  about  10°  C.  is  much  more  corrosive  than 
tap  water  at  the  same  temperature,  but  as  the  temperature  rises  the  relative  corro- 
sivity  falls,  so  much  so  that  at  21°  C.  the  solution  is  appreciably  less  corrosive  than 
tap  water.  Since  sea  water  contains  som.e  3  per  cent,  of  sodium  chloride  it  is  of 
interest  to  inquire  into  the  effect  upon  its  corrosive  powers  of  diluting  it  with  river 
water,  for  this  occurs  in  nature  at  the  mouths  of  many  rivers  and  has  to  be  reckoned 
with  bv  the  engineer. 

THE    INFLUENCE    OF    ALKALIES     UPON    THE    CORROSION    OF     IKON. 

For  many  years  it  has  been  known  that  alkalies,  if  present  in  sufficient  concen- 
tration, will  completely  inhibit  corrosion.  The  merest  traces  of  caustic  soda  or 
potash  will  suffice  to  prevent  rusting  in  aqueous  solution  provided  such  solution  is 
protected  from  neutralisation  by  the  carbon  dioxide  of  the  air.  Should,  however, 
large  supples  of  air  gain  access,  carbonates  are  produced  and  these  greatly  accelerate 
corrosion  unless  the  concentration  of  alkali  is  sufficiently  great  to  yield  0*25  per  cent, 
solution    of   carbonate,    as    has    already   been   mentioned.     Lime,    of    course,    behaves 


*  Roberts,    Trans.    Inst.   Mech.   Eng.,    1S81.    p.    710. 

t  Friend,  /.  Iron  Steel  Inst.,  igog,  II.,   172. 

t  See  Analyses  by  Moody,   Trans.  Chem.  Soc,   1006.   89,   726. 
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>ii'nilarly  to  caustic  soda  or  potash.  Hence  in  attempting  to  protect  iron  permanenilv 
with  free  alkalis,  such  as  lime,  it  is  necessary  to  consider,  not  merely  the  protection 
afforded  by  fresh  caustic  lime,  but  that  which  will  be  afforded  when  the  atmosphere 
has  converted  the  lime  into  carbonate. 

An  interesting  case  arises  when  iron  is  immersed  in  alkaline  solutions  containing 
inorganic  salts.  For  example,  iron  will  remain  bright  in  a  i  per  cent,  solution  of 
caustic  potash  for  an  indefinite  time,  but  upon  addition  of  potassium  chloride  corrosion 
readily  takes  place.  It  is  possible,  however,  to  increase  the  alkali  to  such  an  extent 
that  corrosion  is  entirely  prevented,  no  matter  how  concentrated  the  solution  of 
chloride.  The  minimum  amount  of  alkali  required  rises  with  the  percentage  of 
chloride  until  saturation  of  the  latter  is  arrived  at. 

A  curious  point  about  this  type  of  corrosion  in  alkaline  solution  is  the  fact  that 
it  invariably  takes  the  form  of  pitting.*  Lumps  of  rust  grow  at  various  points  on 
the  surface  of  the  metal,  and,  when  scraped  away,  leave  holes  or  pits  in  the  same. 
The  rust  invariably  contains  a  dark  oxide  close  to  the  metal,  and  surrounded  by 
ordinary  brown  hydrated  ferric  oxide.  Most  probably  the  pitting  originates  at  points 
where  traces  of  impurity  are  present.  These  traces  are  exceedingly  difficult  to 
remove,  and  are  readily  found  on  etching  the  surfaces  of  even  the  purest  commercial 
irons.  For  example,  Kahlbaum's  pure  electrolytic  foil  readily  pits  under  these  con- 
ditions, whereas  in  ordinary  tap  water  or  in  acjueous  solutions  of  neutral  salts  it 
usually  rusts  evenly  over  its  entire  surface. 

If  now  we  replace  the  potash  by  lime  and  the  chloride  by  silicates  and  sea 
water  we  have  the  condition  of  things  represented  by  iron  in  concrete  and  exposed 
to  the  sea,  as,  for  example,  in  dock  piles. 

Our  subject  has  thus  an  important  bearing  upon  the  work  of  the  concrete 
engineer,    which   we  shall    now   proceed  briefly   to  discuss. 

THE   PRESERVATION    OF   IRON    IN   CONCRETE. 

From  the  foregoing  it  is  evident  that  the  preservation  of  iron  in  concrete  may 
be  effected  in  one  or  more  of  three  ways,  namely  : — 

1.  By  complete  exclusion  of  air. 

2.  By  complete  exclusion  of  water. 

3-  By  rendering  the  concrete  sufificienlly  alkaline  to  place  it  within  the  inhibiting 
area. 

If  the  engineer  can  make  his  concrete  conform  perfectly  to  any  one  of  these 
conditions  he  has  achieved  his  object,  for  the  reinforcing  metiil  will  not  rust.  Unfor- 
tunately, in  practice,  materials  cannot  be  relied  upon  to  yieki  perfect  r<-sults  an<l  \\\e 
engineer's  best  policy  is  to  conform  as  nearly  as  is  reason:ibly  possible  with  .ill  three 
cor^ditions.  In  this  way  he  may  hope  so  to  reduce  the  tendency  to  corrode  as  to 
render  it  neg-ligiblv  small   within   finite  time. 

The   following' considerations  suggest   themselves   as  worthy  of  careful   study  : - 

1.  None    of    the    concrete    materials    should    be    too    coarse,  otherwise    thorough 

mixing  and  g-ood  contact  Ix^tween  the  different  ingredients  will  not  be  as 
perfect  as  is  desirable. 

2.  It    is   essential    to    press    or   pun    the  mixture   well    into    positi<in    in    order    to 

eliminate  voids  in  so  far  as  is  possible.  It  is  obvious  that  voids  t«-ri<i  to 
increase  permeability  to  water  and  air  and  are  in  conseou-.  no-  highly 
dangerous. 

3.  A  sufficient  thickness  of  concrete  should  be  appliotl   to  the  metal.     If  too  thin 

the  concrete  may  not  be  sufliciently  imix-rvious  or  it  may  crack  mechanically, 
and  thus  admit  air  and  water  to  the  metal. 

4.  Stray  electric  currents  must  be  avoided.     If  the  metal  should  be'^ome  an<Klir. 

rusting  would   take  place   in    consequence  of   the   lib«Tation   of   oxygen,   and 
this  leading  to  cracking,  would  rapidly  destroy  the  cement. t 
S    Substances  likelv  to  contain  acids  or  acid-producing  bodies  should  be  avoi<ied. 
Coke   breeze  'and    slags    are    cases    in    point,    as    they    frequently    contain 
injurious  sulphur   compounds. 


*  Friend,  Science  Progress,   lyij,  5,  202. 
t  See  Nicholas,  /.  Iron  Steel  Inst.,  k^xj.  I...  (159. 
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6.  The  concrete  may  be  advantageously  coated  with  some  waterproofing  material 

to   render   it   still   more   impervious,    provided   such   proofing   is   entirely    free 

from  acid  or  acid-producing  substances. 

It   will   be   observed   that   certain   of   the   above   suggestions   harmonise   very   well 

with   those  arrived   at   on  entirely   different   grounds  and  published   in    the   Report   of 

the   Science   Standing-   Committee   and   read   at   the   general   meeting  of  the   Institute 

on    March    9th,    igii. 

CONCLUSION. 

Had  time  permitted  it  was  my  hope  to  deal  with  other  important  questions, 
such  as  the  best  metals  to  use  in  reinforcing  concrete,  the  treatment  of  the  metallic 
surface  prior  to  encasing  with  concrete,  and  so  on.  These  problems,  however,  must 
be  relegated  to  some  future  occasion. 

DISCUSSION. 

The  President  said  the  paper  to  which  they  had  just  listened  was  quite  unique  in  their 
annals  ;  they  had  never  had  anything  quite  like  it  before,  and  while  it  was  a  new  treatment  of 
the  subject  as  far  as  their  Society  was  coincerned,  it  certainlj"  would  not  fail  to  be  of  enormous 
practical   utiliy  to  them,   and  had   given  them  much   food   for  thought. 

Mr,  Searles  Wood,  in  proposing  a  vote  of  thanks  to  Dr.  Newton  Friend,  said  that  the 
subject  of  the  paper  was  one  which  had  always  had  a  very  great  interest  for  him,  and  it  was 
one  which  he  had  tried  to  follow  in  various  text  books,  but  he  had  never  had  it  put  before  him 
so  clearly. 

Mr.  E.  Fiander  Etchells  ren^arked  that  there  were  two  theories — the  electrolytic  and 
the  chemical.  The  author  appeared  to  .adhere  more  closely  to  the  chemical  theory.  He  would 
not  attempt  to  decide  between  the  two ;  there  was  much  to  be  said  on  both  sides.  There  were 
three  or  four  instances  un  which  rust  had  specially  come  under  his  notice.  One  of  them  was 
the  case  of  a  railway  bridge  in  which  the  web  plates  had  rusted  through  right  from  one  main 
angle  to  the  other,  and  from  one  web  stiffening  to  the  other,  and  yet  that  bridge  was  carrying 
its  load.  Presumably  it  was  carrying  its  load  because  the  stress,  in  the  first  instance,  had  been 
rather  low,  and  the  main  angles  had  been  sufficient  to  take  up  anj'  bending  moment  which  came 
on  after  the  web  had  corroded  aw^ay.  That  had  only  shown  him  the  desirability  of  leaving 
some  margin  for  strain  in  the  original  design,  rather  than  following  very  close  methods  of 
design  and  working  to  the  last  place  in  decimals  in  settling  their  web  thiclcnesses  by  some  of 
the  finest  theories   imaginable. 

Another  case  was  a  pier  in  which  he  had  to  ascertain  the  size  of  some  lattice  bars  with 
a  view  to  replace  those  girders.  He  found  he  could  quite  easily  break  off  the  lattice  bars  in 
his  hand  and  carry  them  away  with  him,  although  some  of  them  were  3  in.  by  5  in.  originally 
They  seemed  to  have  been  converted  into  rust  through  and  through.  The  material  would  no; 
stand  the  specified  28  and  33  tons  per  sq.  in. 

Another  case  was  a  railway  girder,  which,  at  any  part  of  the  middle  of  the  flange,  they 
could  pick  off  laj'ers  of  rust  §  in.  thick,  so  that  the  flange  was  denuded  bj-  that  amount.  That 
again  showed  the  desirability  of  making  some  provision  in  the  original  design  for  the  rust. 
He  suggested  that  that  provision  should  not  turn  on  the  question  of  stress  alone. 

Another  instance  was  where  some  bars  which  were  exposed  to  the  air  were  always  rusting. 
It  was  decided  to  have  them  cleaned  and  painted.  They  had  been  rubbed  over  with  emer\ 
paper,  cleaned  and  scraped.  To  get  all  dirt  and  grease  off  them  they  were  washed  with  a 
solution  of  soda,  and  that  seemed  efficacious  as  any  paint,  and  as  the  bars  were  not  exposea 
to  the  rain  they  were  remaining  white  and  bright  to  this  day,  just  with  a  silver  layer  over 
them.  That  was  produced  by  an  alkaline  solution  and  nothing  else.  If  thej-  were  painted 
the  rust  would  start  again. 

A  further  instance  was  that  of  a  web  which  was  designed  for  28  to  32  tons  per  sq.  in.  It 
was  designed  to  take  compressive  stresses  ;  it  was  simply  like  so  much  paper  now.  He  saw 
the  calculations  for  that  girder,  and  the  stresses  were  calculated  to  7'26  per  sq.  in. 

Mr.  C.  H.  W.  BIgzs  held,  and  had  held  for  a  good  many  years,  that  pitting  was 
absolutely  due  to  electric  action.  When  pitting  was  going  on  they  had  the  whole  of  the 
necessary  constituents  of  an  electric  battery.  This  had  been  discussed  in  the  electrical  world 
over  and  over  again,  and  the  conclusion  arrived  at  was  the  one  he  had  stated.  There  was 
no  possible  means  of  getting  rid  of  electric  actioai  in  any  metallic  road  or  any  metallic  piece 
of  work.  There  were  two  kinds  of  electric  action  going  on,  the  conductive  and  the  negative. 
If  they  had   a  thunderstorm  they  had  a  surging  of  electricity  through  ,nny  work  they  had  and 
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they  could  not  get  rid  of  it.  Whether  that  assisted  in  the  rust  or  not  he  did  not  know.  He 
did  not  think  it  did  to  any  very  great  extent,  but  that  was  totally  different  from  the  electric 
action  that  went  on  when  they  had  a  current  of  electricity  escaping  from  an  electric  main. 
How  were  they  to  stop  rusting?  They  had  heard  of  a  great  many  things  to  be  painted  on 
iron,  but  none  of  them  seemed  perfectly  efficacious.  One  had  just  been  put  on  the  market 
which  he  was  told  had  a  property  which  ordinary  paint  had  not,  and  that  the  ordinary 
preservative  had  not,  in  that  it  was  very  much  after  the  fashion  of  a  paint  which  was  put  on  as  a 
paint,  but  it  was  elastic,  .and,  therefore,  changes  of  temperature  did  not  cause  any  action 
which  would  prevent  it  covering  the  metal.  They  wanted  to  stop  this  terrific  loss  which  was 
going  on  year  by  year,  amd  it  was  terrific.  They  had  had  80,000,000  tons  of  ore  turned  into 
iron  during  the  course  of  the  year,  and  they  lost  5  per  cent,  of  that. 

Mr.  Hoar?  pointed  oat  ihat  there  were  on  the  market  a  good  many  waterproofing  com- 
pounds which  might  be  mixed  with  concrete.  He  woadered  whether  any  of  these  might  con- 
tain some  acid  which,  later  on,  would  develop  a  tendency  to  affect  the  iron ;  while  keeping  the 
water  out  of  the  concrete  it  might  have  some  anterior  effect  upon  the  iron. 

Mr.  Ewart  S.  Aadrews.  B.Sc,  joined  issue  with  Mr.  Etchells  on  his  reading  of  the 
lessons  to  be  obtained  from  the  paper  and  the  effects  upon  structural  design.  It  seemed  to 
him  that  if  they  were  going  to  fail  to  design  their  steel  work  eccmomically  just  because  of 
some  unknown  contmgency  as  to  rusting,  something  which  they  could  not  measure,  they  were 
merely  putting  their  heads  into  the  sand.  They  were  failing  to  obtain  the  real  information 
which  they  wanted,  and  that,  he  thought,  was  a  great  danger.  If  engineers  were  to  be  satis- 
fied with  allowing  for  rust  by  knocking  down  their  working  stresses,  which  they  knew  they 
ought  to  be  working  to,  one  half,  he  thought  they  were  going  to  ruin  trade.  They  ought  to 
obtain  from  the  chemists  or  the  metallurgists  all  the  aid  they  ought  to  have.  He  hoped  engi- 
neers would  be  brought  to  realise  the  great  value  which  the  chemist  and  the  metallurgist  could 
be  to  them,  and  greater  collaboration  between  the  two  might  remove  the  difficulties  which  had 
stood  in  the  way  in  the  past.  They  did  not  want  to  allow  for  rust  in  some  indefinite  hap- 
hazard sort  of  way.  If  by  working  stresses  they  were  to  allow  for  rust,  they  must  set  some 
time  limit  on  the  extent  of  their  structure,  and  that  seemed  to  him  to  knock  a  hole  in  the 
argument.     They  must  not  attempt  to  alter  their  design ;    they  must  attempt  to  prevent  rusting. 

Mr.  W.  J.  H.  Levertoa  suggested  that  the  author  of  the  paper  should  give  examples 
of  steel  which  had  decayed  in  reinforced  concrete  work. 

Mr.  Lucien  Seraillier  asked  for  further  information  of  what  was  foreshadowed  at  the 
close  of  the  paper,  where  Dr.  Newton  Friend  had  spoken  of  the  best  metals  to  use  in  reinforced 
concrete.  He  presumed  the  author  of  the  paper  meant  the  different  classes  of  steel  and  their 
relative  corrosiveness.  It  would  be  also  interesting  to  hear  what  he  had  to  say  regarding 
the  treatment  of  metallic  substances. 

The  President  also  expressed  the  hope  that  Dr.  Xewton  Friend  would  be  able  to  tell 
them  something  about  the  point  raised  by  Mr.  Seraillier,  and  particularly  whether  there  was 
any  probability  of  rustless  steel  coming  into  general  commercial  use.  He  had  some  knives 
at  home  that  he  had  had  now  for  about  two  years.  They  had  never  been  cleaned  on  a  knife- 
board  or  w^ith  any  sort  of  emery  paper,  and  they  were  bright  as  the  day  they  were  purchased ; 
they  had  been  washed  in  the  usual  way.  They  were  sold  as  rustless  steel,  and  he  believed 
it  was  a  steel  with  cronium  in  it.  It  would  be  a  most  admirable  and  useful  thing  if  they 
could  get  a  steel  that  they  could  absolutely  say  would  not  rust  under  any  circumstances.  The 
practical  conclusions  in  the  paper  were  exceedingly  interesting.  He  would  only  notice  the 
last  one,  number  6,  that  the  concrete  might  be  advantageously  coated  with  some  waterproofing 
material  to  render  it  still  more  impervious  under  certain  conditions.  That  seemed  to  him  the 
most  important  thing  for  the  engineer  who  had  to  use  reinforced  concrete  in  sea  water.  The 
most  trying  conditions  under  which  reinforced  concrete  was  used  was  when  it  was  used  in 
or,  rather,  above  sea  water.  It  was  there  that  corrosion  was  likely  to  take  place,  and  they 
would  know  from  reports  which  bad  been  published  that  at  Southampton  they  had  had  some 
such  experience.  The  most  curious  thing  was  that  the  oldest  structure  of  all  in  Southampton 
had  not  suffered  at  all,  while  some  that  had  been  built  since  had  suffered  quite  remarkably 
from  the  sea  water  apparently  getting  through  the  concrete  envelope  to  the  steel,  rusting  it 
and  bursting  off  the  concrete  envelope.  At  one  time  he  had  an  idea  that  this  might  be  due  to 
stray  electric  currents.  He  hardly  thought  so  now,  but  that  led  him  to  consider  the  advis- 
ability of  waterproofing  the  concrete,  because  he  had  noticed  that  American  experiments  on 
electrolytic  action  on  iron  or  steel  buried  in  concrete  had  shown  that  the  liquid  surrounding 
reinforced  concrete  appeared  to  be  driven  through  the  concrete  to  the  steel.     A  coaling  such 
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as  the  author  recommended  would  be   useful   as  a  protection,  not  only   against   the  ordinary 
atmospheric  corrosion,  but  corrosion  aggravated  by  electrolytic  action. 

THE  LECTURER'S  REPLY. 
Dr.  Newton  Friend,  in  replying  on  the  discussion  on  the  question  of  electric  action  and 
corrosion,  asked  what  was  electric  action.  It  was  simply  pushing  the  question  one  stage 
further  back  without  offering  any  explanation.  Simply  to  say  that  a  difference  of  potential 
existed  between  the  metal  and  the  impurity  was  not  an  explanation.  He  quite  agreed  with 
Mr.  Biggs  as  to  the  difference  in  potential  causing  corrosion,  but  he  confessed  he  failed  to 
see  that  it  offered  any  adequate  explanation.  The  point  was,  could  they  get  behind  that 
explanation  and  find  out  in  what  the  difference  of  potential  really  consisted?  If  they  could 
do  that  many  of  the  difficulties  surrounding  them  in,  preventing  iron  to  suffer  by  this  action 
would  be  overcome  immediately.  They  might  leave  the  subject  of  steel  decaying  in  concrete 
till  some  future  occasion.  The  cases  which  had  come  under  his  own  personal  observation  of 
the  decay  of  steel  in  concrete  could  usually,  if  not  always,  be  ascribed  to  some  point  in  which 
the  6th  suggestion  at  the  end  of  the  paper  had  not  been  adequately  followed.  He  did  not 
suppose  it  was  possible  to  make  a  perfect  reinforced  concrete  because  they  were  up  against 
the  limitations  of  material.  At  the  same  time,  if  it  were  possible  to  perfectly  follow  any 
one  of  these  six  points,  he  very  much  doubted  whether  steel  would  ever  corrode  in  concrete. 
In  determining  the  best  kind  of  metal  for  reinforcing  the  concrete  it  was  necessary  to  know 
the  exact  conditions  under  which  the  concrete  would  be  exposed  in  nature.  For  big  piles  a 
different  kind  of  reinforcing  metal  was  required  than  for  buildings  which  would  never  be 
exposed  to  liquid  sea  water. 


MEMORANDUM. 

Bushing  for  Conduit  Risers  in  Reinforced  Concrete  Buildings, — If  provi- 
sion has  not  been  made  during  the  design  and  construction  of  a  reinforced  concrete 
building  for  installing  conduit  risers,  much  trouble  and  expense  are  involved  in  their 
subsequent  installation.  Frequently  one  finds  in  concrete  buildings  that  the  risers 
have  not  been  installed  until  after  the  concrete  work  was  completed,  which  means 
that  it  was  necessary  to  drill  through  solid  floors  with  the  probable  chance  of 
striking  metal  reinforcement,  which  was  likely  to  cause  the  hole  to  be  enlarged, 
or  to  require  another  hole  to  be  drilled,  either  of  which  throws  the  riser  fcom  the 
true  vertical.  Of  course,  this  is  very  slow  and  expensive  work,  and  therefore 
everything  should  be  done  to  secure  a  proper  location  of  the  risers  and  provision  so 
that  they  ma\^  be  installed  easily. 

Where  the  size  and  location  of  the  risers  have  been  shown  on  the  plans  the 
best  method  of  avoiding  drilling  of  floors  is  to  provide  a  set  of  bushings  through 
the  forms  before  the  concrete  is  poured.  For  this  purpose  a  quantit\-  of  metal  down- 
spout, preferably  smooth  pipe  in  place  of  corrugated,  should  be  used.  The  inside 
diameter  of  this  spout  should  be  slightly  larger  than  the  outside  diameter  of  the 
conduit.  Several  different  sizes  may  be  needed.  Slot  the  end  of  the  spout  with  a 
pair  of  ordinary  tin  snips  to  the  depth  of  one  inch  or  more.  The  width  of  the  slots 
can  vary.  Then  bend  the  metal  outward  at  right  angles  between  the  slots,  so  as 
to  form  a  sort  of  broken  flange.  Cut  the  spout  about  one  inch  longer  than  the 
thickness  of  the  floor.  Now  locate  the  position  of  the  conduit  riser  and  mark  it 
on  the  concrete  form.  Then  fasten  the  spout  securely  to  the  form  where  the  conduit 
is  to  be  installed,  nailing  through  the  flange  to  secure  the  inverted  spout  to  the 
form.  The  top  of  the  spout  should  then  reach  about  one  inch  above  the  finished 
floor.  The  spout  is  then  filled  with  sand.  The  reinforcement  and  concrete  are 
then  put  in  place  without  chance  of  disturbing  the  spout,  which  when  the  form  is 
removed  and  sand  allowed  to  run  out  leaves  a  clear  hole  through  which  the  riser  is 
easily  run. — Electrical  Engineering,  New  York. 
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Meir.orarda  and  Netvs  Items  are  presented  under  this  heading,   -with  occasional  editorial 
comment.     Authentic  neivs  "will  be  "welcome. — ED. 


The  Faraday  Society. — A  general  discussion  on  "  The  Setting  of  Cements  and. 
Plasters  "  will  be  held  on  Monday,  January  14th,  1918,  at  5.30-7.0  and  8.30-10.30, 
by  the  Faraday  Society,  in  the  rooms  of  the  Royal  Society  of  Arts,  John  Street, 
Adelphi,  Lx)ndon,  W.C.2.  The  following  is  the  preliminary  programme  : — Dr.  C.  H. 
Desch  (Glasgow)  will  open  the  discussion  with  a  paper  on  "  The  Mechanism  of  the 
Setting-  Process  in  Plaster  and  Cement."  Professor  H.  Le  Chatelier  will  send  in 
a  communication  on  "  Crystalloids  v.  Colloids  in  the  Theor}'  of  Cements."  Mr. 
A.  A.  Klein  (Worcester,  U.S.A.)  will  send  in  a  paper  on  "The  Constitution  and 
Hydration  of  Portland  Cement."  Mr.  George  A.  Rankin  (Creighton,  U.S.A.)  will 
send  in  a  paper  on  "  The  Setting  and  Hardening  of  Portland  Cement."  Mr.  Bertram 
Blount  will  read  a  paper  on  "  The  Setting  of  Cement  in  its  Relation  to  Engineering" 
Structures."  Mr.  John  Rhodin  will  read  a  paper  on  "  Note  on  the  Collcidat  Theon,' 
of  Setting."  Mr  E.  H.  Lewis  and  Monsieur  E.  Deny  (Wishaw)  will  read  a  paper  on 
"  The  Effect  of  the  Addition  of  Suitable  Slag  on  the  Setting  Properties  of  Portland 
Cement."  Mr.  W.  J.  Dibdin  will  read  a  paper  on  "  Ancient  and  Modern  Mortars." 
Mons.  R.  Feret  (Boulogne-sur-Mer),  Mr.  A.  Binns,  Dr.  E.  B.  Butler.  Mr.  \V.  J. 
Cooper  (Penarth),  Mr.  Alex.  L.  Feild  (Pittsburgh,  U.S.A.),  Dr.  T.  Martin  Lown,-, 
F.R.S.,  and  Dr.  J.  W.  Mellor  will  also  contribute  to  the  discussion. 

Members  of  the  Concrete  Institute  are  being  invited  to  attend  the  meeting. 
Others  interested  in  the  discussion,  or  desirous  of  being  present,  should  apply  to 
the  Secretary,   Faraday   Society',   82,   Victoria   Street,   S.W.i. 

Housing  of  the  Working  Classes— Cottage  Competitions.  — Th.e  time  for 
sending  in  designs  under  this  competition,  of  which  we  printed  particulars  in  our 
December  issue  (p.  681),  has  been  extended  to  January  31st.  The  following  par- 
ticulars have  been  issued  in  response  to  questions  by  competitors  : — 

StPPI.EMENTARY   PARTICULARS    IN    RESPONSE   TO    QUESTIONS    BY    COMPETITORS 

1.  The  floor  areas  given  apply  to  all  classes,  and  are  to  be  net  area  clear  of  all 
projections.    The  floor  of  living-room  should  have  an  area  of  not  less  than  180  ft. 

2.  The  heights  of  storeys  may  be  from  7  ft.  6  in.  to  8  ft.  in  the  clear.  Bedrooms 
may  be  partly  in  the  roofs,  but  not  less  than  two-thirds  of  the  ceilings  must  be  of  the 
maximum  height ;  and  the  vertical  walls  must  not  be  less  than  5  It.  high. 

3.  The  bath  should  be  fixed  and  not  of  the  tip-up  type.  It  is  not  essential  that  a 
separate  bathroom  should  be  provided.  The  w.c.  should  not  be  placed  in  the  bath- 
room or  entered  from  the  scullery. 

4.  No  drainage  need  be  shown,  and  it  nuay  be  assumed  that  access  to  the  houses 
is  from  both  front  and  back,  and  no  gardens  or  plans  of  site  need  be  sliown. 

5.  No  alternative  plans  will  be  allowed. 

6.  All  drawings  are  to  be  drawn  with  the  long  dimensi<:)n  of  the  paper  horizontal, 
and  each  class  is  to  be  clearly  marked  A,  B.  C,  or  D,  as  the  case  may  be. 

7.  Each  cbss  is  to  be  shown  on  a  separate  sheet,  and  the  classes  may  not  be  inter- 
mixed. 

8.  The  drawings  are  not  to  be  mounted  on  strainers,  and  are  to  be  in  black  ink. 
with  a  black  wash  over  the  window  o|)enings.    No  perspectives  are  to  be  sent. 

g.   The  fact  of  a  design  being  premiati-d  will  not  prevent  the  author  from  making 
use  of  it  in  his  practice  if  he  so  desires. 
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10.  The  two  elevations  asked  for  may  be  such  as  the  competitor  thinks  will  best 
illustrate  his  design. 

11.  The  assessors  in  each  competition  will  have  the  option  of  recommending  designs 
of  special  merit  for  further  premiums  (or  honourable  mention)  in  addition  to  those 
stated  in  the  conditions. 

12.  Each  of  the  Classes  A,  B,  and  C  is  to  be  designed  as  a  block  of  five  or  six 
houses,  of  which  three  are  to  be  drawn  in  detail,  the  others  in  outline  only.  Of  the 
three  which  are  to  be  fully  drawn,  one  is  to  be  an  end  or  semi-detached  house, 
another  a  terrace  house  between  party-walls  and  lighted  front  and  back  only,  with 
frontage  of  i8  ft.  from  centre  to  centre  of  party-walls,  and  the  third  to  be  a  house 
one  room  deep  only,  with  long  frontage  at  the  discretion  of  competitor.  The  grouping 
or  composition  of  the  block  may  be  arranged  in  any  way  the  competitor  desires. 
A  section  of  one  house  in  each  block,  if  sufficiently  explanatory,  is  all  that  is 
required. 

13.  It  may  be  assumed  that  water  supply  is  available. 

14.  A  Committee  of  Assessors  will  be  appointed  by  the  Architectural  Societies  in 
each  area. 


T/ie   following   foints   are   given   as  desirable^    but   are   not   to    be   regarded   as 
essential : — 

Staircase  should  have  direct  ventilation. 

Coals  should  be  accessible  under  cover,  and  accommodation  should  be  provided 
for  at  least  one  ton. 

Scullery  should  be  large  enough  to  serve  as  a  relief  to  living-room,  but  not  large 
enough  to  take  centre  table. 
Reinforced  Concrete  Poles  for  Transmission  Cables. —  -In  a  recent  issue  of  the 
Iron  a)id  Coal  Trades'  Review  there  appeared  a  short  description  by  Mr.  A.  V. 
Chitt}'  of  some  reinforced  concrete  poles  erected  at  a  colliery.  We  reproduce  the 
description  and  illustration,  as  they  are  of  considerable  interest  at  the  present  time, 
when  timber  is  scarce  and  expensive  : — 

The  colliery  where  these  poles  to  be  described  have  been  made  and  erected 
has  undergone  a  complete  change,  for  no  electricity  of  any  kind  had  been  in  use 
before.  The  new  houses  for  engines,  pumps,  boilers,  etc.,  have  all  been  built  with 
reinforced  concrete,  so  that  when  the  poles  came  to  be  made  everything  was  ready 
for  the  purpose. 

As  the  poles  were  not  required  for  a  few  months,  one  mould  serA^ed  to  make 
them  all.  The  mould  was  made  ready ;  then  as  opportunity  occurred  the  concrete 
was  put  in,  and  when  finished  left  to  set  for  about  fourteen  days,  according-  to  the 
weather.  A  little  water  was  thrown  over  the  concrete  occasionally  to  assist  the 
hardening,  and  when  set  sufficient!}^  the  box  was  taken  off  and  made  ready  for 
another  mould.  At  this  stage  the  poles  were  quite  "  green  "  and  not  safe  for 
handling. 

The  concrete  mixer  was  kept  going  pi'incipally  to  make  concrete  for  the  build- 
ings, etc.,  but  there  are  periods  during  work  of  this  description  when  delays  occur, 
especially  at  the  present  time.  When  the  mixer  was  not  supplying  concrete  for 
buildings  the  concrete  was  used  for  moulding  a  pole. 

The  illustration  gives  the  dimensions  of  the  pole.  Reinforcing  rods  run  the 
full  length,  and  iron  wire  was  fastened  in  between  the  rods  to  give  a  better  binding. 
One  rod  was  bent  about  4  ft.  from  the  bottom  of  the  base  and  brought  out  at  the 
side.  An  earth-plate  was  attached  to  this  rod  after  the  pole  was  erected.  At  the  top 
the  rods  project  for  sufficient  distance  to  take  an  iron  plate  about  3-16  in.  thick  and 
a  f-in.  nut.  A  hole  was  left  in  the  top  to  take  the  top  insulator  spindle,  and  a  slot 
in  one  side  to  enable  the  nut  to  be  secured.  .\  rod  was  fastened  to  one  of  the  nuts 
to  carry  an  overhead  earth-wire.  About  a  foot  from  the  top  a  slot  was  left  to  take 
the  cross-arm   and  a  bolt  hole  for  securing  same. 

The  arms  were  2  ft.  6  in.  long  by  3  in.  square,  chamfered  at  the  edges,  and 
secured  to  the  pole  by  a  |-in.  bolt.  Three  inches  from  each  end  of  the  cross-arms 
are  the  insulators.  The  shortest  distance  between  the  wires,  providing  they  are  all 
at  an  equal  tension,  is  about  15  in.,  which  for  a  440-volt  3-phase  transmission  is 
ample. 
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The  weig-ht  of  a   28-ft.  pole  is   about  2    tons   7  cwt.     Each  pole   was   placed  on 
rollers  and  moved   to  its  place  of  erection,   care  being  taken   to  see  that  the  rollers 

were  fairly  equidistant  to  obviate 
risk  of  cracking  the  concrete,  which 
did  happen  in  one  case.  The  best 
method  is  to  move  the  pole  on 
planks  sitrapped  to  it. 

The  ground  where  these  poles 
were  set  up  was  good  solid  clay 
with  about  8  in.  of  soil  at  the  top. 
The  hole  was  stepped  down  to 
about  5  ft.,  so  as  to  leave  a  solid 
wall  at  the  back.  The  pole  was 
then  placed  over  the  stepped  side  of 
the  hole  and  set  into  position  by 
means  of  a  derrick. 

A  board  was  placed  against  the 
bulk  wall  to  prevent  it  burying 
itself  in  the  ground  and  breaking 
the  earth  away  while  being  lifted. 
No  stay  wires  were  used,  as  they 
were  not  considered  necessary  in  a 
sheltered  colliery  yard;  also  the 
length  of.  span  is  only  about  40 
yards.  For  a  transmission  line,  sa}- 
from  one  colliery  to  another, 
through  open  country,  wind  stays 
might  be  necessary. 

One  of  the  reinforcing  rods  of 
each  pole  has  an  earth-plate  at- 
tached at  the  base,  and  the  poles 
are  connected  together  by  an  over- 
head earth-wire  which  terminates  at 
a  steel  tower.  The  wire  is  taken 
down  the  tower  and  connected  to 
two  earth-plates  about  20  ft.  apart. 
These  plates  serve  as  a  central  earth 
for  all  the  surface  motors  and  the 
underground  circuits.  It  is  not 
necessar}'  for  each  pole  to  have  an 
earth-plate,  but  they  were  con- 
venient for  connecting  the  motors 
to.  In  the  case  of  a  long  line  with 
a  number  of  poles  an  earth-plate  at 
every  fifth  pole  would  sufiice. 

The  approximate  cost  of  the 
pole  is  about  ^3  los.,  including  re- 
inforcement and  the  mould.  .\ 
wooden  creosoted  pole  would  cost  at 
the  present  time  about  2s.  a  foot. 
The  life  of  a  wooden  pole  would 
be,  say,  15  to  20  years,  whereas  a 
reinforced  concrete  pole  should  last 
as  long  as  the  colliery.     For  general  apj>earance  and  strength  concrete  is  best. 

Concrete  Roads.—  In  the  course  of  the  discussion  on  a  paper  read  by  Mr.  T. 
Adams,  town  planning  adviser  to  the  Canadian  Commission  of  Conser\'ancy,  on 
Town  Planning  in  Canada,  before  the  Town  Planning  Institute,  questions  were 
raised  as  to  the  development  of  roads  in  the  Dominion.  Mr.  Adams  explained 
that  the  tendency  to-day  is  to  construct  an  asphalte  pavement  on  an  8-in.  foundation 
of  concrete,  with  very  solid  concrete  walls  on  each  side,  going  down  3  ft.,  so  as  to 
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— -  WeiQhh  cf  Section  =  k7  Ihs  per  /ineai  foo^  — 

—  Weigh/  of  Piling    =  27 /bs  per    super  foof    — 

—  Moment  of  Jnerha     about  y  zj-5  98  /ns  *  — 

—  Patent       N?l2063/l2- — 

^^^Sechon    of  27  lb      Simplex    PjImQ 

SIMPLEX   STEEL 
SHEET   PILING 


Width. 

No.  1     8  in. 
No.  2  12  in. 


Weight. 

22  lbs.  per  super  foot. 
26*5  lbs.         „ 


Strong,  Rigid,  Symmetrical  shape,  Perfect  interlock, 
Perfect    Alignment,     Easily   driven    and    withdrawn. 

THOUSANDS  OF  TONS  IN  USE. 

Rolls  go  in  frequently    for   Government  orders, 
so  send  your  specifications  early. 
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preven:  the  frost  getting  underneath  the  pavement.  They  were  making  the  pave- 
ment so  durable  that  it  would  stand  for  years  with  little  cost  for  maintenance.  It 
meant  that  concrete  roads  were  becoming  very  much  the  rule,  becaiise  such  roads 
properly  constructed  were,  so  far  as  he  could  see,  working  out  very  well  indeed, 
and  they  had  tht-  advanitage  of  costing  very  little  for  upkeep. 

Work  in  Nigeria. —  In  the  Colonial  report  dealing-  with  Nigeria,  just  issued, 
it  is  stated  that  progress  in  regard  to  harbour  works  has  been  slow.  The  Apepa 
Wharf  extension  was  practically  completed,  and  the  Customs  Wharf  extension, 
loo  •  ft.  up-stream,  in  reinforced  concrete,  was  commenced.  Work  was  also  started 
on  the  piles  for  the  400-ft.  extension  down-stream.  The  total  length  on  completion 
will  be    1,185   ft. 

Works  at  Shanghai. —  In  his  report  dealing  with  the  extensions  to  the  Shanghai 
Municipal  Generating  Station,  Mr.  Aldridge,  the  electrical  engineer,  states  that  an 
interesting  feature  of  the  extension  will  be  the  new  22,000-volt  combined  switch-gear 
and  transformer  house,  which  is  being  constructed  throughout  of  reinforced  concrete. 

The  directors  of  the  Shanghai  Electric  Construction  Co.,  in  their  annual  report, 

state  that  land  has  been  secured  for  additional  offices,  and  a  building  of  steel  and 
reinforced  concrete  is  to  be  erected. 

Yolo  Basin  Concrete  Trestle. —  The  concrete  trestle  completed  last  year  by  the 
California  State  Highway  Commis>-ion  is  believed  to  be  the  biggest  work  of  its  kind 
in  the  world.  It  is  nearly  three  miles  long,  and  traverses  the  Yolo  basin,  a 
marshy  track  which  is  flooded  frequently.  There  is  a  clear  width  of  drive  way  of 
21  ft.  The  average  height  of  the  trestle  is  20  ft.  It  consists  of  reinforced  beam 
and  slab  construction  in  20-ft.  spans,  resting  on  reinforced  concrete  piles  32  to  50  ft. 
long.     The    material    cost    148,000   dollars,,  and   the    construction  246,000   dollars. 

Reinforced  Concrete  Piers  in  Japan.  -A  Bill  to  construct  two  large  reinforced 
concrete  piers  in  front  of  the  so-'called  trade  zone,  which  extends  from  the  big  pier 
at  Chikko,  in  Osaka,  to  the  mouth  of  the  Shirinashi-gawa,  has  been  submitted  to 
the  Osaka  Municipal  Assembly.  The  Osaka  Mainichi  states  that  the  newly-designed 
piers  are  to  be  something  like  islands,  quite  apart  from  the  shore.  Each  is  to  be 
200  ken  long,  while  one  will  have  a  width  of  55  ken  and  the  other  a  width  of  77 
ken.  Enough  quay  space  is  to  be  provided  for  two  6,000-ton  steamers  to  be  moored 
alongside  at  one  time.  The  piers  are  to  be  connected  with  the  shore  by  swinging 
bridges.  The  sea  near  the  piers  is  to  be  dredged  to  a  depth  of  between  29  ft.  and 
33  ft.  The  total  cost  of  this  new  work  is  estimated  to  be  about  6,000,000  yen. 
When  these  structures  are  completed  it  will  be  possible  to  handle  900,000  tons  of 
merchandise  at  Chikko.  In  addition,  a  Bill  to  extend  the  railwav  to  Chikko  has 
been  presented.  This  provides  for  an  outlay  of  2,200,000  yen.  The  work  is  to  be 
completed  in  six  years,  and  it  is  hoped  to  commence  work  next  year,  (i  ken  =  5-9  ft.; 
I   yen=:2s.  oM.). — The  London  and   China   Telegraph. 

Reinforced  Concrete  at  the  Tursdale  Colliery,  Durham.  —In  a  recent  issue 
of  the  Tron  and  Coal  Trades  Revie'uj  an  interesting  article  appeared  describing  the 
remodelling  of  the  surface  plant  of  the  above  colliery.  The  new  structures  include 
a  reinforced  concrete  heapstead  and  headframe  and  a  number  of  other  reinforced 
concrete  buildings,  which  are  of  more  than  usual  interest,  being  on  the  panel  or  unit 
s\-stem   of  construction. 

The  columns  have  been  constructed  horizontally  on  the  ground  and  lifted  up 
into  position  when  completed,  provision  being  made  to  take  the  window-sills  and 
heads,  which  were  also  moulded  on  the  ground.  Concrete  slabs  or  panels,  each  g  ft. 
by  6  ft.,  were  then  built  up  in  pairs  between  the  columns,  which,  with  the  cavity, 
form  a  12-in.  wall  to  clothe  the  building. 

Apart  from  the  fact  that  the  unit  system  of  construction  is  less  costly  than  the 
usual  form  of  reinforced  concrete  building  construction,  it  enables  the  work  to  be 
very  largely  standardised,  whilst  it  affords  facilities  for  extension  which  are  wholly 
impossible  when  the  building  is  cast  in  situ.  ■ 

The  lamp  cabin  is  provided  with  reinforced  concrete  benclies,  the  reinforcement 
being  expanded  metal.  The  ends  of  the  building  are  partitioned  off  for  the  repair 
and  tinsmiths  shop  and  the  oil   stores  respectivelv. 

The  boiler   stokehole  is  entirely  under  cover.     The   boilers   will   be   served  by   an 
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overhead  conveyor  feeding  a  series  of  reinforced  concrete  bunkers  and  ser\'ing  on  its 
return  journey  for  the  removal  of  ashes.  The  whole  of  the  pipework  supports,  etc., 
are  reinforced  concrete,  as  are  also  the  poles  for  carrying  the  electric  wires.  These 
poles  are  22  ft.  high,  15  in.  square  at  the  butt,  and  from  above  the  butt  12  in.  square, 
tapering  to  4  in.  square  at  the  top ;  in  these  supports  one  of  the  reinforcing  rods  is 
taken  to  earth.  The  company  are  also  manufacturing  reinforced  concrete  pit-props 
for  their  ironstone  mines,  in  lengths  from  8  ft.  3  in.,  rising  by  3  in.  to  g  ft.  9  in. 
They  are  octagonal,  4  in.  in  diameter.  The  cona-ete  is  made  of  i^  slag,  ij  sand, 
and  I  cement,  the  reinforcement  being  four  |-in.  rods  with  lateral  reinforcement 
of  3-16-in.  •  wire  placed  at  6-in. '  centres.  The  weight  of  a  9-ft.  prop  so  made, 
after  weathering  three  weeks,  is  11  stones,  as  compared  with  10  stones  3  lbs.  the 
weight  of  a  timber  prop  of  the  same  length  and  6  in.  in  diameter. 

PROPOSED    WORKS. 

Havre. — A  nil!  is  to  be  presented  to  the  French  Parliament  having  for  its 
object  the  enlargement  of  the  port  of  Havre.  The  Bill  provides  for  new  quays,  the 
construction  of  "two  moles  on  the  south  side  for  ships  to  lie  alongside  of,  and  the 
construction  of  four  dry  docks. 

Cape  Town. — The  citizens  have  given  sanction  for  the  raising  of  /r268,oc)o  for 
new  waterworks.  The  proposed  work  includes  the  provision  of  a  new  reservoir  of 
200,000,000  gallons  capacity  in  the  Silvermyn  Valle}^  in  the  Muizenberg  Mountains, 
by  the   construction  of  a  concrete  dam. 

Blackpool. — All  opposition  has  b^en  withdrawn  to  the  Corporation  Improvement 
Bill,   which   provides,   amongst  other   things,   for  coast   defence   works   at   Bispham. 

Canada. — ^The  Imperi;d  Trade  correspondent  at  Toronto  has  furnished  to  the 
Department  of  Commercial  Intelligence  a  cop}^  of  the  general  specifications  for  con- 
crete highway  bridges  in  Ontario,  and  also  a  copy  of  a  report  on  the  construction 
of  highway  bridges  in  that  province.  British  firms  interested  can  consult  the  publica- 
tions at  the  Department  of  Commercial  Intelligence,  73,  Basinghall  Street,  E.C. 


THE 

VICTORIA 

CONCRETE    MIXER 

shown  in  the  illustration  is  fitted  with 
our  latest  side  loader  and  is  driven  direct 
by  petrol  engine,  the  plant  being  mounted 
on  road  wheel  truck. 


It  represents  THE  MOST  MODERN  CONCRETE  MIXING  PLANT  obtainable 
COMPACT,  SELF-CONTAINED,  RELIABLE. 
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EDITORIAL  NOTES. 


THE    METRIC    SYSTEM. 

A  VERY  intt-resting"  paper  wa^   read   before  the   Concrete   Institute  on  January 
24th  by  Mr.  E.  A.  \V.  Phillips,  entitled  "  British  Trade  and  the  Metric  System." 

We  have  always  considered  the  question  of  the  adoption  of  the  metric 
svstem  in  this  country  as  a  very  important  one,  more  particularly  to  engineers 
who  are  called  upon  to  make  elaborate  calculations,  involving-  considerable  time 
and  care;  and  any  method  which  will  tend  to  reduce  this  labour  must  be  of 
benefit  to  the  g-eneral  community. 

The  points  put  forward  by  the  author  of  the  paper  above  mentioned  are 
particularh-  interesting-,  especially  from  the  historical  point  of  view;  but  we 
cannot  see  that  his  sug-g^estions  are  sufficient  to  meet  the  needs  of  the  future. 
It  is  no  doubt  very  r-atisfactory  to  know  that  there  is  a  reason  for  the  system 
of  weig-hts  and  measures  used  in  this  country,  and  the  existence  of  the  tripod 
in  British  weig-hts  and  measures  has  certainly  been  proved ;  but  how  is  this 
g^oing-  to  help  the  industry  of  the  country-,  even  if  a  few  .alterations  are  made 
to  remove  some  of  the  objections  of  our  present  system? 

The  statement  was  made  that  the  difference  between  the  French  and 
British  metres  represents  just  the  unbridg^eable  g"ulf  between  capital  and  labour 
in  this  country  to-day,  as  the  British  metre,  which  is  equal  to  the  Belgic  yard, 
is  39'6o  in.,  and  the  French  metre  is  39'37  in.  With  this  we  do  not  agree,  as, 
whik'  it  is  quite  true  that  39'37  cannot  be  stretched  to  39'60;  this  does  not  pre- 
vent us  from  adopting-  ■\  common  metric  system  all  over  the  world,  which  can 
be  based  on  the  system  which  is  likely  to  prove  of  the  greatest  convenience 
in  the  future  to  all  parties.  It  is  now  generally  accepted  by  all  those  engaged 
in  calculations  that  the  use  of  decimals  is  far  preferable  to  the  use  o!  vulgar 
fractions,  and  the  reason  for  this  preference  is  because  the  calculations  can 
be  cairied  out  with  greater  speed  and  acc-uracy  and  such  a  reason  is  unanswer- 
able. 

Now  Mr.  Phillips,  in  making  a  comparison  of  the  French  -and  Britisn 
svstems,  appears  to  be  somewhat  disturbed  at  the  idea  of  a  possible  victory  of 
the  decimal  system  over  the  vulgar  fraction  system,  because  the  latter  is  British 
and  is  more  ancient.  He  also  states  that  if  the  British  system  is  victorious, 
the  decimalists  would  still  be  free  to  employ  decimals  and  no  one  would  be 
injured.  This  appears  to  be  rather  futile  argument,  because,  in  the  first  in- 
stance, although  we  naturally  uphold  Britain  and  British  traditions,   it   is  surely 
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not  a  good  policy  to  put  this  forward  as  a  reason  for  stifling-  progression,  and 
it  is  dangerous  to  let  sentiment  influence  us  in  such  matters ;  and,  in  the  second 
instance,  the  British  system  of  weights  and  measures  does  not  lend  itself 
readily  to  the  use  of  decimals,  and  unnecessary  labour  is  involved  in  the  con- 
version from  fractions,  and  it  should  be  conclusive  proof  of  the  great  preference 
for  working  in  decimals  that  the  conversion  is  so  generally  made.  As  an 
example  of  the  extensive  adoption  of  the  decimal  system  and  the  advantages 
which  follow  the  use  thereof,  let  us  consider  for  a  moment  the  slide  rule,  which 
is  an  instrument  used  by  all  engineers,  and  imagine  how  much  time  would  be 
lost  if  its  use  were  discontinued,  while  a  complete  adoption  of  the  metric  system 
would  make  this  instrument  even  more  valuable.  If  vulgar  fractions  are 
adopted  for  calculations,  then  the  slide  rule  becomes  useless,  and  such  a  condi- 
tion will  not  find  favour  among  engineers.  The  arguments  are,  therefore,  all 
in  favour  of  a  decimal  system  as  compared  with  a  vulgar  fraction  one,  and  the 
next  point  to  consider  is  that  of  the  system  to  be  adopted.  The  French 
metric  system  is  the  essence  of  simplicity,  and  might  easily  be  used 
as  the  international  slandard,  not  only  for  science  but  for  all  purposes, 
and  it  possesses  the  merit  of  having  been  in  use  for  a  considerable  time,  and 
thus  it  is  well  known,  even  in  those  countries  where  it  is  not  universally  adopted 
at  the  present  time. 

POINTS  FOR  CONSIDERATION. 
Some  definite  points  were  put  before  the  meeting  by  the  author  of  the 
paper,  and  we  feel  that  some  comment  on  these  is  necessary.  The  two  first 
]x>ints  dealt  with  the  possibility  of  restricting  the  use  of  the  metric  system 
as  an  international  standard  for  pure  science,  while  the  British  decimal  system 
would  become  the  international  standard  for  trade,  commerce,  and  engineering. 
This  appears  to  us  as  a  compromise  which  would  lead  to  considerable  confu- 
sion and  inconvenience,  and  no  justification  can  be  put  forward  for  the  adoption 
of  two  systems,  as  the  whole  point  to  be  kept  in  view  in  the  possible  alteration 
of  our  present  system  is  that  of  using  one  standard  for  all  purposes,  which 
standard  should  be  simple,  convenient,  and  likely  to  be  used  throughout  the 
world. 

The  third  point  put  forward  dealt  with  the  question  of  the  British  system 
being-  accorded  respectful  treatment  by  other  nations,  and  being  legally  used 
as  desired  in  anv  foreign  countrv,  even  a  metric  country,  bv  arrangement 
between  contracting  parties.  Mr.  Phillips  puts  forward  the  plea  that  this  would 
only  be  bare  reciprocity  in  return  for  the  legal  recognition  of  the  metric  system 
in  the  British  Empire,  and  if  there  is  any  real  desire  for  such  a  condition  of 
affairs  there  is  no  reason  why  it  should  not  be  permitted  ;  but  this  seems  hardly 
necessary,  and  the  legal  recognition  of  the  metric  system  is,  we  believe,  due 
to  the  general  feeling  that  this  svstem  is  an  important  one,  which  deserves 
respectful  treatment  on  its  own  merits. 

The  last  point  is  one  which  is  of  general  interest  outside  the  engineering 
profession,  as  it  refers  to  a  standard  coin,  to  be  minted  and  used  in  every 
nation,  even  if  it  is  not  internationallv  current.  The  tendency  of  the  present 
age  is  toward  a  more  general  combination  of  the  nations,  and  our  isolation  is 
bound   to  become    a   thing    of    the   past,   and    while    this    combination    is    being 
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achieved  it  would  greatly  facilitate  international  intercourse  and  trade  if  universal 
standards  could  be  adopted  in  weights,  measures,  and  currency,  and  every 
effort  should  be  made  tc  forward  this  ideal.  By  the  adoption  of  the  metric 
system  in  this  country  a  large  step  in  the  right  direction  would  be  made,  and, 
in  addition,  real  benefit  would  be  conferred  on  the  engineering  and  other 
industries. 

THE  CHEMISTRY  OF  CEMENT. 
The  recent  discussion  before  the  Faraday  Society  of  the  setting  of  cements 
is  almost  the  first  recognition  on  the  part  of  a  technical  society  in  this  country 
of  the  wide  field  for  scientific  investigation  that  still  lies  open  in  connection 
with  the  chemistry  and  physics  of  calcareous  cements.  As  far  as  the  manu- 
facture of  cements,  and  especially  of  the  most  important  member  of  the  class, 
Portland  cement,  is  concerned,  the  British  industry  has  well  maintained  the 
leading  position  whioh  was  historically  its  due,  and  the  quality  of  the  product 
has  reached  a  high  and  uniform  level.  Nevertheless,  it  would  be  a  mistake  to 
assume  that  finality  has  been  reached,  either  in  methods  of  manufacture  or  in 
quality  of  product,  and  it  would  benefit  both  manufacturers  and  users  if  full 
advantage  were  taken  of  the  investigations  of  chemists  into  the  constitution 
of  cements  and  the  reactions  involved  in  their  setting  and  hardening.  We  are 
still  insufficiently  informed  as  to  the  changes  wihich  take  place  in  mortar  and 
concrete  under  varying  conditions  of  hardening,  and  in  presence  of  solutions 
or  substances  which  may  exert  a  disintegrating  effect.  Much  empirical  know- 
ledge on  these  and  similar  points  has  been  accumulated  by  engineers,  architects 
and  contractors,  as  well  as  by  manufacturers,  but  the  industry  would  gain  im- 
measurably bv  the  improvement  of  the  scientific  basis  on  which  it  rests.  Such 
has  been  the  uniform  experience  of  other  industries,  notably  that  of  steel,  whioh 
have  utilised  to  the  fullest  degree  the  results  of  scientific  research. 

For  our  knoAvledge  of  the  chemical  constitution  of  Portland  cements  we 
are  mainly  indebted  to  France  and  to  the  United  States,  this  country  having 
contributed  very  little  in  recent  years.  The  constitution  of  the  clinker  has  been 
established  by  the  researches  of  the  Geophysical  Laboratory  in  Washington, 
and  the  results,  complex  though  they  seem  to  be  when  expressed  in  chemical 
language,  are  capable  of  a  fairly  simple  interpretation.  The  explanation  of 
the  setting  process  was  given  in  its  main  outlines  thirty  years  ago  by  Professor 
Le  Chatelier,  and  it  was  of  great  interest  in  the  discussion  to  receive  a 
characteristically  vigorous  paper  from  this  veteran  worker,  defending  his  views 
against  a  more  modern  explanation,  based  on  the  chemistry  of  colloidal 
substances.  Several  speakers  showed  that  the  differenoe  between  the:  two  schools 
was  largely  verbal,  and  that  it  was  possible  to  reconcile  them  without  unduly 
straining  the  meaning  of  terms.  The  question  whether  the  products  of  hydra- 
tion of  cement  are  to  be  regarded  as  crystalline  or  colloidal  may  appear  at 
first  sight  to  be  purely  academic,  but  upon  a  proper  understanding  of  such 
questions  depends  the  successful  prosecution  of  further  research  in  this  field. 

The  discussion  was  of  special  interest  to  the  pure  chemist,  but  it  was  shared 

in  by   practical  experts   on    the  technical   side,   as    well  as  by   engineers.      Mr. 

Caroe  referred  to  the  destructive  action  of  cement  on  certain  building  stones, 

a  matter  which  is  still  imperfectlv   understood.      The   same   speaker  mentioned 
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the  influence  of  clay  particles  on  the  strength  of  cement  as  another  subject 
which  demands  further  investigation,  the  data  at  present  available  being  con- 
tradictory. Our  methods  of  testing  also  call  for  improvement  ;  thus  the  setting 
time  is  determined  for  neat  cement,  whereas  cement  is  scarcely  ever  used  neat, 
and  no  definite  relation  exists  between  the  setting  times  with  and  without  the 
addition  of  sand   and  aggregate. 

A  more  controversial  point  was  touched  upon  in  reference  to  the  advisa- 
bility of  adding  pozzolanic  substances  to  cement,  the  material  chiefly  considered 
being-  blast-furnace  slag.  Considerable  difl'erence  of  opinion  exists  on  this 
point,  .and  the  paper  presented  on  the  subject,  written  from  one  point  of  view, 
was  eminently  suitah^e  to  initiate  a  discussion. 

The  last  two  years  have  seeji  a  remarkable  increase  in  the  attention  devoted 
by  British  manufacturers  and  leaders  of  industry  to  scientific  research.  The 
Advisory  Council  is  performing  a  most  useful  function  in  putting  forward  sug- 
gestions and  in  assisting  industries  to  organise  themselves  for  the  undertaking 
of  research  on  a  co-operative  basis.  The  fruits  of  such  activity  are  already 
being  realised,  and  as  the  industrial  world  becomes  better  acquainted  with  the 
efforts  which  have  been  made  in  other  countries,  especially  in  the  United  States 
and  in  Germany,  we  may  expect  the  movement  to  spread  rapidly  and  eftectively. 
The  contest  for  markets  will  be  a  severe  one,  and  one  lesson  which  has  been 
most  powerfully  enforced  by  the  war  is  that  of  the  intimate  connection  between 
the  success  of  an  industry  land  the  readiness  of  its  leaders  to  keep  abreast  of  the 
scientific  knowledge  of  the  time,  and  themselves  to  aid,  bv  organisation, 
subsidy,  and  encouragement,  the  advancement  of  that  knowledge  in  their  own 
country. 

CONCRETE  SIMPLIFIED. 

Ix  the  current  issue  we  are  publishing  the  first  of  a  series  of  articles  by  Mr. 
Tihos.  Potter  under  the  title  "  Concrete  Simplified." 

As  the  author  states  at  the  beginning  of  his  first  article,  it  is  not  intended 
to  enter  into  theoretical  discussions  or  even  to  write  for  those  who  are  engaged 
in  the  larger  engineering  land  building  operations  to  which  concrete  is  so  largely 
applied  now.  Rather,  an  appeal  is  here  made  to  the  small  builder  and  the 
estate  owner  who  have  to  deal  with  .a  large  number  of  small  buildings  and 
■articles  which  are  needed  on  the  farm  and  on  the  country  estate.  The  many 
ways  in  w^hich  concrete  can  be  used  in  this  direction  are  scarcely  realised  vet  in 
this  country,  and  we  trust  these  articles  by  Mr.  Potter — who  has  long  been 
recognised  as  the  doyen  of  the  concrete  industry — may  prove  useful  to  those 
of  our  readers  whose  work  lies  rather  in  the  direction  of  the  smaller  structures 
than  in  that  of  the  larger  engineering  and  building  undertakings 

After  the  war  there  will  b^  a  wide  field  for  the  employment  of  concrete  not 
only  for  cottages,  but  for  other  small  buildings,  especially  in  rural  districts,  and 
not  only  in  our  own  country,  l)ut  on  the  Continent. 
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PART  VI. 

SHEAR  TESTS  ON  RECTANGULAR  BEAMS  (1910  SERIES) 

[a)   Description  of  Experiments. 

The  beams  were  made  in  accordance  with  Figs.  103  and  104.  It  will 
be  seen  that  they  contain  about  zh  per  cent,  of  steel  in  tension  and  about 
2  per  cent,  in  compression. 

As  explained  in  Part  III.,  section  7,  compression  steel  is  necessary  if 
shear  tests  are  to  be  made  on  rectangular  beams,  or  the  beam  will  fail  by 
flange  stresses  due  to  bending,  and  not  by  web  stresses. 

It  will  be  noticed  that  variations  of  the  reinforcement  include  various 
forms  and  amounts  of  bent-up  bars,  both  singly  and  in  combination  with 
stirrups. 

They  also  include  beams  with  no  web  reinforcement  and  some  with 
stirrups  at  different  spacings. 

The  concrete  was  composed  of 

|-in.  Thames  ballast       ...  ...  ...  ...     4  parts 

Sand  ...  ...  ...  ...  ...  ...     2 

Cement      ...  ...  ...  ...  ...  ...      i  part 
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Fig.  100.     Beam  86. 
Researches  on  Concrete  Beams. 
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The  beams  were  made  at  the  Northern  Polytechnic  :  Beams  1-4  on 
January'  26th,  1910,  and  Beams  5-8  on  February  2nd,  1910. 

They  were  tested  at  the  age  of  a  month  on  a  10 -ton  Buckton  machine 
on  a  5-ft.  span  with  two  loads  3  ft.  apart. 

A  cube  was  made  from  the  same  concrete  as  each  beam,  and  given  its 
number,  and  subsequently  tested  for  crushing. 

Spare  pieces  of  the  steel  were  also  kept  for  testing  in  tension. 

[b)   Calculations  of  Resistance  by  R.I.B.A.  Rules. 


Beam 

Safe  shear  by 

Total. 

No. 

Concrete. 

Stirrups. 

Inclined  bar. 

I 

6oha  =60  X  4  X  4  =960 

— 

—                        ,     960 

2 

960 

4 
—                         o-iixi6,ooox — 3=550         1,510 

3 

960 

—                                   0-2  X  16,000  X—^  =1,000        1,960 

4 

960 

— 

o-i I  X  16,000  x~  =940        1,900 

7t              \ 

5 

960 

o-i  X  16,000  X  -  =  1,070 
6 

—                          2,030 

6 

960 

O-I  X  16,000  X  -  =1,600 
4 

—                       i    2,560 

7 

960 

1,600 

550                         3,110 

8 

960 

1,600 

1,000                      3,560 

1 

1 

1 

1 

' 

— 

K 
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1  '■ 
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(c)   Calculations  of  Resistance  by  L.C.C.  Rides* 

These  have  already  been  sufficiently  explained,  and  for  this  series  give 
the  same  results  as  R.I.B.A.,  except  that  the  shear  due  to  concrete  may  not 
be  added  to  this  for  stirrup  or  bent-up  bars. 

(d)   Calculations  of  Resistance  by  Inclined  Compression  Theory. 
Beam  i . 

As  we  have  top  steel,  we  will  use  the  simple  formula 

e  bh^ 

I 
/i  being  twice  12  in.  =  24  in. 

c     225  X4  X  36 
24 
This  is  conditional  on  steel  at  the  bottom  being  carried  through  to  the 
extent  of 

.-i=o-oi2  X4  X 6=0-288  ins. 2 
Note  that  in  most  beams  o'5i  in. 2  is  provided.     Only  in  Beams  4  and    8 
is  the  steel  carried  through  deficient,  and  the  inclined  compression  to  be 
reduced  accordingly. 

Beam  2. 

Inclined  bar  o-ii  x  16,000  x  -'^    =-  ^=0 

12J  ^-^ 

Inclined  compression      ...  ...  ...  ...  ...  ...      1,350 

1,900 


Note  that,  as  the  inclined  bar  is  bent  immediately  under  the  load  and 
over  the  support,  the  resultant  compression  is  vertical,  and  has  practicalh^ 
no  component  in  the  direction  of  the  inclined  compression,  which  is  taken 
in  full. 

Beam  3. 

Inclined  bar  0-2  x  16,000  x  _£.=  i  000 

12J 

Inclined  compression      ...  ...  ...  ...  ...  ...      1,350 


2,350 
Beam  4.  

Considering  a  vertical  section  through  the  f-in.  bar,  we  have — 

Resistance  of  |-in.  bar=0'ii  x  16,000  x4r=940  940 

The  inclined  compression  has  to  be  red"uced  because  the 
requisite  area  of  0-288  at  the  bottom  is  not  supplied, 
but  only  0-2 

Resistance  of  inclined  compression  =  1,350  x ...  ...         940 


1,880 


Beam  5. 


Resistance  of  stirrups  o-i  x  16,000  x  -=  1,070 

This  causes  a  concrete  stress  of     '   7°     "  =  133 

4x4 

Inclined  compression  =  1,350  xT^=  1,050 

600 


*  For  L.C.C.  Rules  see  opp.  87. 
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Fig.   108. 
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Fig.  110. 
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Beam  6. 

Resistance  of  stirrups  ot  x  16,000  X-  = 

4 

This  causes  concrete  stress  of  ~ =  200 

4x4 

Resistance  of  inclined  compression  1,350  x  - —  = 

600 


1,600 


900 


Beam  7. 


Resistance  of  stirrups  ... 
Resistance  of  inclined  bar 
Resistance  of  inclined  compression 


1,600 


900 


The  last  item  is  reduced  as  in  Beam  6. 


Beam  8. 


Hence  resistance  of  inclined  compression  =  1,350  x^'^^'^  = 


5,400 


[e)  Results  and  Conclusions. 


3.050 


Resistance  of  stirrups    ...  ...  ...  ...  ...  ...      1,600 

Resistance  of  inclined  bar         ...  ...  ...  ...  ...      1,000 

We  notice  that  the  horizontal  component  of  the  inclined  com- 
pression due  to  stirrups  is  1,600  lb. 

The  resistance  of  if  in.  and  i  J-in.  baris  0-31  x  16,000  =  4,950, 
leaving  3,350  for  direct  inclined  compression,  which  is 
equal  to  4 J  in.  X4  x  300  =  5,400  when  acting  in  full 


840 


3.440 


Comparing  the  ultimate  loads  with  the   resistances  calculated  by  the 
three  methods  we  have — 


Beam  Number. 

Safe  Shear 
R.I.B.A. 

Safe  Load. 

Ultimate  Load. 

Factor  of  Safety. 

I 

960 

1,920 

6,606 

3-4 

2 

1,510 

3,020 

10,306 

3-4 

3 

1,960 

3,920 

(7,906) 

(2-0) 

4 

1,900 

3,800 

8,816 

2-3      ' 

5 

2,030 

4,060 

13.306 

3-3 

6 

2,560 

5,120 

14,006 

2-7 

7 

3,110 

6,220 

13,306 

2-1 

8 

3,560 

7,120 

16.306 

2-3 

Beam  Number.    Safe  Shear  L.C.C. 


Safe  Load. 


Ultimate  Load.     Factor  of  Safety 


I 

960 

1,920 

6,606 

3-4 

2 

960 

1,920 

10,306 

5-4 

3 

1,000 

2,000 

(7,906) 

(4-0) 

4 

960 

1,020 

8,816 

4-6 

J 

1,070 

2,140 

13,306 

6-2 

6 

1,600 

3,200 

14,006 

4-4 

7 

2,150 

4,300 

1 3,. 306 

3-1 

2,600 

5,200 

16.306 

3  I 
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lucliiied  Compression 

Factor  of  Safety. 

Safe  Shear. 

Safe  Load. 

I 

1,350 

2,700 

6,606 

2-5 

2 

1,900 

3.800 

10,306 

2-7 

3 

2,350 

4,700 

(7,906) 

(1-7) 

4 

i,8So 

3,760 

8,816 

2-4 

5 

2. ICO 

4,240 

13,306 

3-1 

6 

2,500 

5,000 

14,006 

2-8 

7 

3,050 

6,100 

13,306 

2-2 

S 

3,440 

6,880 

16,306 

2-4 

It  will  be  seen  that  the  inclined  compression  theoty  gives  the  least 
variation  (2 '2  to  3'i). 

The  results  are  all  low,  which  is  due  to  a  weak  concrete. 

To  obtain  the  usual  resistance  with  so  small  an  aggregate  as  J  in.,  the 
proportion  of  cement  should  have  been  increased,  and  the  aggregate  was  of 
poor  quality.     The  concrete  was  also  only  a  month  old. 

The  eight  cubes  when  crushed  gave  a  strength  of  only  1,3x0  lbs  ins^, 
which  only  gives  a  factor  of  2-2  on  a  working  strength  of  600. 

Bearing  in  mind  that  these  tests  were  made  on  2j-in.  cubes,  and  remem- 
bering that  it  has  been  established  that  small  cubes  give  a  lower  strength 
than  large  ones,  this  figure  of  2-2  agrees  well  with  the  mean  factor  of  2'6 
found  for  the  beams  with  the  inclined  compression  theory,  and  fully  accounts 
for  the  latter  being  somewhat  low. 

It  should  be  recorded  that  the  |-in.  bars  were  found  to  leave  an  ultimate 
strength  of  73,000  and  a  }^e\d  point  of  55,000,  the  corresponding  figures  for 
the  i-in.  bars  being  74,500  and  48,500.     These  values  are  unusually  high. 

The  results  of  Beam  3  are  bracketed,  and  should  be  ignored,  as  one  of 
the  bars  was  found  to  be  quite  close  to  the  edge  of  the  beam,  and  hence  the 
hook  was  not  effective. 

The  writer  considers  the  hooks  too  small,  and  uses  larger  ones  in  his 
practice. 
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An  interesting  eiample  of  the  application  of  reinforcea 
concrete  is  that  of  the  neiv  "works  erected  in  this  country  for 
the  Ford  Motor  Co. ,  of  ivhich  a  short  description  is  given 
belotv.  — ED. 


The  growth  of  the  Ford  Motor  Car  industry  and  the  welfare  woirk  and  profit- 
sharing  plan  carried  out  by  the  company  are  subjects  of  common  knowledge 
and  interest,  and  the  factory  here  described,  which  is  the  nucleus  of  a  large 
London  centre  is  worthy  of  study  and  possesses  several   uncommon  features. 

The  whole  of  the  structure  is  of  reinforced  concrete  construction,  but  to 
gain  a  more  architectural  appearance  the  front  elevation  and  part  of  one  return 
walj  are  faced  with  red  bricks  and  artificial  stone  dressings,  whilst  the  southern 
return  wall  has  red  brick  panels  filled  in  between  the  constructive  members. 

The  building  as  erected  is  but  a  portion  of  the  proposed  completed  scheme, 
which  will  consist  of  five  stories,  and  the  supporting  piers  and  foundations  have 
been  designed  and  built  to  carry  such  future  loads.  (The  drawings  reproduced 
show  three  of  these  stories  which  were  to  be  straightway  erected,  but  the 
Ministry'  of  Munitions,  on  account  of  the  war,  have  only  allowed  two  to  be 
built.) 

A  reference  to  the  plan  shows  that  the  building  (F//,'-.  i)  is  approximately 
a  rectangle  of  224  ft.  by   122  ft.  exclusive  of  the  platform  at  rear. 

It  is  generally  set  out  on  a  unit  basis  of  25  ft.  by  25  ft.  (the  supporting 
piers  being  of  octagonal  form  in  plan),  and  thus  the  whole  area  is  divided  into 
forty-five  bays. 

The  greater  portion  of  the  ground  floor  is  occupied  by  a  garage,  and 
access  from  platform  through  garage  to  street  is  obtained  by  a  series  of  steel 
sash  sliding  doors. 

A  large  washing  space  next  south  wall  and  within  the  garage  is  provided, 
and  from  the  garage  two  large  electric  lifts  give  access  for  cars  to  the  flixir 
over,  and  next  to  each  lift  an  enclosed  fire-resisting  staircase  is  placed. 

The  remainder  of  the  ground  floor  is  occupied  by  show  room,  repair  stock 
room,  shipping  department  and  hall,  and  stairs  to  offices,  and  these  latter, 
together  with  the  landing  hall  on  first  floor,  are  finished  with  marble  facing 
and  mahogany  joinerv,  and  give  an  expression  of  dignitv  commensurate 
with  the  importance  of  the  company. 

The  oflfioes  are  situated  at  the  north-east  corner  of  the  first  floor,  and  the 
remainder  of  the  building  is  occupied  with  repair  shop,  stores,  rooms  for 
welfare  work,  and  a  first-aid  room.  Throughout  the  building  the  comfort  of 
the  employees  has  been  considered,  and  drinking  fountains  in  the  factorv  and 
hot  water  in  their  lavatories  have  been  provided. 
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The  heating-  apparatus  is  in  a  basement  formed  at  the  south-west  corner 
of  the  building-,  and  larg-e  bunker  space  for  coal  is  provided  under  the  loading 
platform.  In  order  to  facilitate  delivery  of  fuel  six  large  coal  shoots  have 
been  formed  near  the  edge  of  platform,  so  that  coal  can  be  shot  direct  from 
railway  truck  to  store. 

This  loading  platform  is  14  ft.  wide,  extends  the  full  length  of  back 
elevation,  and  has  a  -ailway  siding  abutting-  upon  it.  It  is  paved  with 
wood  blocks  and  is  covered  with  glazed  roof  supported  by  reinforced  concrete 
cantilevers. 

The  bulk  petrol  is  slored  in  an  underground  tank  in  the  yard  on  the  north- 
west side  of  the  building-  .and  is  delivered  on  the  "  By  water  "  system  to  the 
point  required.  For  the  purpose  of  charging  cars  with  petrol  one  bay  next 
front  elevation  has  been  enclosed  and  forms  a  self-contained  dock  with 
armoured  doors  between  it  and  the  garage,  and  should,  therefoire,  any  car  fire 
during  filling  no  possibility  exists  of  the  danger  spreading-  to  the  remainder  of 
building-. 

The  architects  for  the  whole  sdheme  are  Messrs.  Chas.  Heathcote  and 
Sons,  of  Lloyds  Bank  Buildings,  Manchester,  and  of  no.  Cannon  Street, 
London,  E.G.,  and  the  v/hole  of  the  reinforcement  was  designed  in  their  own 
offices.  The  general  contractors  for  the  building  were  Messrs.  W.  E.  Blake, 
Ltd.,  of  London. 


Fie.  5.    View  of  Ground  Floor. 
The  Ford  Motor  Works. 
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A  Discussion  at  the  Faraday  Society, 


An  interesting  discussion  on  the  above  subject  took  place  last  month  at  a  meeting 
of  the  Faraday  'Society,  ivhen  a  number  of  valuable  contributions  -were  made  on  this 
imoortant  subject.  In  the  follotving  nagcs  ive  reproduce  tv)o  of  the  papers  read  in  full, 
ivith  an  abstract  of  the  contribution  made  by  Mons.  Le  Chatelier.  Farther  abstracts  'will 
appear  next  month. — ED. 

THE  MECHANISM  OF  THE  SETTING  PROCESS  IN 
PLASTER  AND  CEMENT. 

By  CECIL  H.  DESCH.  D.Sc.  Ph.D.  (University  of  Glasgow). 
Although  the  use  of  calcareous  cements  dales  from  a  ven*-  early  period  of  human 
history,  and  has  attained  to  so  high  a  development  in  modern  times  as  to  have  given 
rise  to  an  industry  of  the  greatest  importance,  our  knowledge  of  the  scientific  nature 
of  the  materials  and  processes  involved  is  even  yet  imperfect,  in  spite  of  many  excellent 
investigations  covering  various  parts  of  the  subject.  It  is  convenient,  in  a  review  of 
our  present  knowledge,  to  distinguish  between  the  plasters  and  simple  chemical  cements, 
such  as  the  magnesia  cements  on  the  one  hand,  and  the  lime  mortars,  Roman  and 
Portland  cements,  and  similar  products,  on  the  other.  The  chemistry  of  the  sub- 
stances of  the  first  group  is  now  fairly  well  known,  but  the  case  is  different 
when  we  turn  to  the  second  group.  It  is  only  ver}'  recently  that  definite 
information  as  to  the  chemical  constituents  of  Portland  cement  clinker  has 
been  obtained,  and  even  now  some  points  remain  in  dispute,  whilst  two  distinct 
explanations  of  the  setting  process  have  been  given,  and  the  evidence  in  favour  of 
either  is  by  no  means  conclusive.  In  the  present  paper  -m  attempt  is  made  to  examine 
these  hypotheses  and  the  evidence  adduced  in  their  support,  and  to  indicate  the  nature 
of  the  obser\^ed  discrepancies. 

I.    PLASTER   OF   PARIS    AND    GVPSLM    CEMENTS. 

It  was  shown  by  Lavoisier  in  1765  thiat  the  setting  of  plaster  of  Paris  was 
essentially  a  process  of  recombination  of  the  dehvdrated  gypsum  with  the  water  of 
which  it  had  been  deprived  in  the  process  of  "  burning,"  and  that  the  strength  of  the 
mass  after  setting  was  the  result  of  the  formation  of  ?.  confused  mass  of  interlacing 
crystals.  The  mechanism  of  tiie  process  was  not  explained  until  1871,  when  Professor 
H.  le  Chatelier  showed  that  the  hemihvdrate  2CaSO^,  H.,0,  readily  dissolves  in 
water,  forming  an  unstable  solution  which  is  supersaturated  in  respect  to  the  dihydrat'e. 
CaSO^,  2H,0.  Any  paiticles  of  the  latter  salt  which  may  be  present,  probably  in 
the  form  of  unburnt  particles  of  the  original  gvpsum,  act  as  nuclei,  and  set  up 
crystallisation  of  the  stable  dihvdrate.  It  is  characteristic  of  crystals  separating  from 
strongly  supersaturated  solutions  that  thev  tend  to  grow  in  radial  fashion  about  the 
nucleus.  When  the  nuclei  are  sufFicientlv  near  to  one  another,  the  radiating  needles 
of  neighbouring  groups  interlock,  and  a  mass  possessing  considerable  mechanical 
strength  is  obtained,  which  can  onlv  be  broken  across  by  breaking  the  individual 
crystals.  That  such  a  supersaturated  solution  is  actually  formed  is  not  only  proved 
by  microscopical  examination,  but  was  shown  bv  an  expyerimeri't  due  to  Marignac, 
who  shook  ground  plaster  of  Paris  with  water  and  filtered  after  a  short  interval.  The 
filtrate  was  five  times  as  concentrated  as  a  saturated  solution  of  gypsum  at  the  same 
temperature,  but  it  soon  became  turbid  and  deposited  crystals  of  the  dihvdrate.  In 
the  ordinary'  setting  of  plaster  the  quantitv  of  water  is  so  small  as  to  be  capable  of 
dissolving  only  a  minute  fraction  of  the  calcium  sulphate,  but  It  is  sufficient  to  form 
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a  layer  of  supersaturated  solution  around  each  particle  of  the  hemihydiate,  and  when 
this  layer  deposits  its  excess  of  dihydrate  the  remaining  water  is  available  for  the 
solution  of  a  further  quantity. 

It  is  certain  that  the  above  statement  corresponds  closely  with  the  main  facts  of 
the  setting  of  plaster  of  Paris  of  the  composition  2CaSO^,  H^O,  as  prepared  by  any 
of  the  usual  technical  methods.  So  far  as  the  writer  is  aware,  only  one  attempt  has 
been  miade  to  explain  the  setting  of  plaster  as  a  colloidal  process.  Rohland  has 
suggested  that  the  water  is  talcen  into  solution  in  the  salt  in  a  colloidal  form,  and 
has  extended  the  same  explanation  to  the  caking  of  other  salts  when  powdered  and 
moistened,  but  the  statement  is  not  supported  by  evidence,  and  has  not  been  accepted 
by  others. 

There  are,  however,  certain  facts  A\hich  indicate  that  the  setting  process  is  not 
quite  simple.  It  was  observed  by  Cloez  that  the  heart  evolved  during  the  setting 
apj>ears  at  two  difYerent  stages,  the  initial  rise  of  temperature  on  mixing  plaster  with 
water  being  followed  by  a  stationary  period  and  then  again  by  a  rise  of  temperature. 
Moreover,  the  density  of  the  hydrated  plaster  is  difTerent  from  that  which  might  be 
expected  from  the  known  properties  of  calcium  sulphate  and  its  hydrates.  The  hemi- 
hydrate  has  a  density  of  2 '75  and  the  dih3drate  of  2*32,  and  a  calculation  shows  that  the 
latter  compound  is  formed  from  its  components  with  a  contraction  of  7  per  cent.,  whilst 
in  practice  an  expansion  is  observed,  and  it  is  in  fact  on  account  of  this  j^roperty  that 
plaster  of  Paris  finds  its  application  in  the  making  of  casts,  the  expansion  enabling  it 
to  fill  the  mould  completely,  and  therefore  to  take  an  impression  shaiply.  The  setting 
is  found  to  be  accompanied  by  a  contraction,  followed  by  a  smaller  expansion.  The 
experiments  of  Davis  led  him  to  the  conclusion  that  the  crystals  of  the  dihydrate 
which  at  first  separate  are  not  identical  with  gypsum,  but  consist  of  a  second,  rhombic 
modification,  which  subsequently  passes  into  the  stable  form.  It  may  also  be  remarked 
that  a  part  at  least  of  the  expansion  is  only  apparent,  and  is  due  to  the  thrusting  apart 
of  the  growing  crystals,  producing  a  porous  mass.  This  effect  is  common  in  the 
growth  of  crystals  from  a  supersaturated  solution,  and  its  existence  is  obvious  from  the 
familiar  porosity  of  a  mass  of  hardened  plaster. 

The  setting  of  the  various  kinds  of  flooring  plaster,  consisting  largely  of  soluble 
anhydrite,  is  in  all  probability  of  a  quite  similar  character,  and  differs  from  that  of 
plaster  of  Paris  only  in  regard  to  velocity.  The  addition  of  other  salts  may  also  bring 
about  great  changes  in  the  rate  of  hydration  and  crystallisation  of  calcium  sulphate, 
potassium  sulphate,  for  instance,  accelerating  the  process,  and  borax  retarding  it. 
Rohland  has  shown  that  the  accelerators  are  substances  which  increase  the  solu- 
bility of  gypsum,  and  the  relarders  are  those  which  diminish  the  solubility.  Colloidal 
substances  may  delay  the  setting  considerably,  and  these  facts  are  made  use  of  in  the 
preparation  of  many  technical  plasters. 

2.  SUBSTANCES  THE  SETTING  OF  WHICH  RESEMBLES  THAT  OF  PLASTEK. 

It  was  also  shown  by  Le  Chatelier  that  other  substances  which  are  capable  of 
forming  unstable  sui>ersaturated  solutions  will  set  in  the  same  manner  as  plaster  of 
Paris.  Thus,  anhydrous  sodium  sulphate  dissolves  readily  in  water,  and  if  precautions 
are  taken  to  prevent  too  rapid  solution  and  consequent  rise  of  temperature,  a  highly 
concentrated  solution  may  be  prepared  at  j^ractically  constant  temperature.  This  solu- 
tion is  unstable,  and  the  hydrate  separates  in  characteristic  interlocking  masses  of 
crystals. 

Various  cements  comi)osed  of  a  mixture  of  an  insoluble  metallic  oxide  and  a  solu- 
tion of  the  chloride  of  some  similar  salt  of  the  same  metal  are  in  technical  use.  For 
example,  a  mixture  of  zinc  oxide  with  a  concentrated  solution  of  zinc  chloride  yields  a 
strongly  supersaturated  solution,  from  which  the  oxychloride  slowly  crystallises.  Mag- 
nesium oxychloride,  prepared  in  a  similar  manner,  forms  the  basis  of  many  cements, 
and  may  be  assumed,  to  set  b\'  a  process  of  crystallisation,  although _  Kallauner 
considers  that  the  ease  with  which  tVie  chloride  is  extracted  from  the  solid  mass  by 
means  of  alcohol,  and  the  fact  that  the  free  magnesia  in  the  mixture  cannot  be  corn- 
pletely  converted  into  carbonate  by  carbon  dioxide,  point  to  the  formation  of  a  solid 
solution  of  hvdroxide  and  chloride  rather  than  of  a  definite  oxychloride.  A  microscopi- 
cal study  of  the  setting  process  does  not  appear  to  have  been  made,  although  it  would 
have  some  Interest  in  relation  to  the  problem  of  the  dental  cements,  some  of  which 
have  an  analogous  constitution. 
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Barium  metasilicate  is  another  salt  which  forms  sujversaturated  solutions  and  is 
capable  of  setting  when  mixed  with,  a  small  proportion  of  water.  The  product  is  the 
crystalline  hj'drated  salt  BaSiO.^,  bH^O.  The  orthosilicate  undergoes  hydroivsis,  form- 
ing the  hydrated  metasilicate,  Ba;SiO^  + i5H,0  =  BaSiO„  6H,0+Ba(0n)„  8H,0. 
Owing  to  the  comparatively  great  solubility  of  the  silicate,  the  setting  resembles  that  of 
plaster,  and  the  mechanical  strength  of  the  product  is  not  comparable  with  that  of  a 
hydraulic  cement,  although  in  the  case  of  the  orthosilicate  the  chemical  reaction  is  quite 
similar  to  that  which  constitutes  the  principal  part  of  the  hydration  of  a  Portland 
cement.     The  product  is  crystalline,  and  consists  of  interlocking  bunches  of  needles. 

3.    LIME,    CEMENT,    AND    CEMENTS    OF    THE    PORTLAND   CLASS. 

The  hardening  of  a  simple  lime  mortar,  composed  only  of  slaked  lim>;  and  sand 
with  water,  is  a  mere  process  of  desiccation.  The  calcium  hydroxide  forms  an 
apparently  structureless  mass,  which  may  be  either  colloidal  or  minutely  crystalline, 
and  the  cohesion  of  this  mass  furnishes  the  necessary  strength.  The  sand  merely 
prevents  the  cracking  which  would  otherwise  take  place  during  the  conLi  action  on 
drying,  by  subdividing  the  line  into  thin  layers.  As  time  goes  on,  the  calcium  hydroxide 
may  recrystallise  to  a  certain  extent,  whilst  those  portions  of  the  mass  which  come  into 
contact  with  the  atmosphere  may  be  converted  into  the  crystalline  carbonate,  but  neither 
of  these  changes  is  essential  to  the  hardening  of  the  cement.  There  is  no  chemical 
reaction  between  the  lime  and  the  sand.  On  the  other  hand,  when  pozzolanic  substances 
are  added  to  the  mortar,  such  as  the  volcanic  earths  of  the  Mediterranean  which 
were  used  by  the  Greeks  and  Romans,  the  trass  and  ground  tiles  which  were  employed 
by  the  Romans  in  more  northern  regions,  or  the  burnt  brick  and  ballast  added  to 
this  day  in  India,  a  chemical  reaction  takes  place  between  the  lime  and  the  active  or 
soluble  silica  which  is  the  essential  constituent  of  a'i  pozzolanic  materials,  and  calcium 
metasilicate  is   formed. 

Portland  cement  is  a  more  complex  material.  The  constitution  of  the  clinker 
has  been  established  by  the  brilliant  investigations  of  the  Geophysical  Laboratory  staff 
at  Washington.  The  compounds  which  are  or  may  be  present  are  tricalcmm  silicate, 
3CaO,  SiO, ;  calcium  orthosilicate,  2CaO,  SiO, ;  tricalcium  aluminate,  sCaO, 
AI2O3  ;  pentacalcium  trialuminate,  ^CaO,  sAl^O,  ;"  and  free  lime  CaO.  Campbell 
has  recently  given  reasons  for  believing  that"  tricalcium  aluminate  is  rather  to  be 
regarded  as  a  solid  solution  of  lime  in  the  pentacalcium  trialuminate,  but  this  does 
not  materially  affect  the  present  problem.  Not  more  than  three  of  the  above-mentioned 
compounds  can  be  simultaneously  present  in  the  clinker  in  a  state  of  equilibrium,  but 
since  the  components  do  not  reach  the  temperature  of  fusion  during  the  i,>rocess  of 
manufacture,  it  is  actually  possible  for  small  quantities  of  one  or  more  additional 
consitituents  to  occur  in  commercial  clinker.  It  does  not  appear,  however,  that 
clinker  made  in  a  rotary  kiln  departs  very  widely  from  tlie  state  of  equilibrium. 

An  examination  of  the  ternary  equilibrium  diagram  shows  that  the  clinker  will 
contain  a  ternary  eutectic,  there  being  two  such  eutectics  within  the  usual  range  of 
the  composition  of  clinker.  The  microscopical  examination  of  transparent  :-«ct)ons  of 
clinker  doe.s  not  reveal  the  presence  of  any  eutectic,  but  this  is  simply  due  to  the 
minuteness  of  the  structure,  much  overhipping  occurring  even  within  the  thickness  of 
a  thin  section.  When,  however,  the  specimen  is  polished  on  one  surface  only  and  lightly 
etched,  as  in  the  examination  of  metals,  the  eutectic  structure  is  clearly  revealed. 
The  writer  has  published  one  such  photograph,  and  Mr.  T.  Hattori,  v.orking  in 
the  writer's  laboratory,  has  since  obtained  very  beautiful  eutectic  structure  of  Japanese 
clinker.  The  calcium'  aluminate  which  is  chiefly  present  as  a  constituent  of  this  eutectic 
is  consequently  in  a  fimly  divi<]ed  form,  and  therefore  in  a  condition  to  react  readily 
with  water. 

According  to  the  explanation  of  the  setting  process  put  forw.ird  by  Ix^  Ch:tl<lier  m 
1887,  the  ground  cement  reacts  with  water  in  such  a  way  that  the  silicates  and  aluminatos 
are  hvdrolvsed,  the  stable  compounds  being  the  hvdrated  metasilicate,  CaSiO,,  2-5H,0, 
and  a  hydrated  tetracalcium  aluminate,  4CaO,  Al^O,,  i2H,0,  the  excess  of  lime 
liberated' by  the  hvdrolvsis  forming  calcium  hydroxide.  Microscopical  exammation  of 
the  reactions  of  th'<^  constituents  with  water  led  to  the  conclusion  that  the  process  was 
strictly  analogous  with  that  of  the  setting  of  plaster,  an  imstable  supersaturate<l  solution 
of  the' basic  silicate,  for  example,  being  formed  initially,  followed  by  rapid  crystallisation 
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of  the  stable  phase  in  the  form  of  radiating  needles.  In  reference  to  this,  it  should 
be  remarked  that  the  process  is  largely  de[>endent  on  the  ratio  between  solid  and  water, 
and  that  in  hydration  experiments  on  a  microsco}>e  slide  the  quantity  of  water  used  is 
relatively  much  larger  than  in  the  gauging  of  cement  in  practice,  and  that  this  fact 
probably  accounts  for  certain  discrepancies  recorded  by  different  observers. 

The  alternative  hypothesis  was  proposed  by  W.  Michaelis  in  1893,  and  ex- 
panded in  a  later  paper.  On  this  view,  whilst  the  chemical  reactions  assumed  are 
those  which  were  shown  to  take  place  by  Le  Chatelier,  the  physical  conditions  are 
supposed  to  be  different.  The  hydrated  metasilicate  is  considered  to  form,  not  a  masg 
of  radiating  crystals,  but  a  gelatinous  mass  or  gel,  the  gradual  dehydration  of  which 
brings  about  the  hardening  of  the  cement  with  time.  The  aluminate  crystallises  much 
more  readily  than  the  silicate;  but  even  this  is  regarded  as  forming  a  gel  when  the 
solution  is  sufficiently  supersaturated — that  is,  when  the  quantity  of  water  is  small, 
as  is  the  case  in  the  practical  utilisation  of  cement.  The  presence  of  gelatinous  materiol 
at  an  early  stage  of  the  setting  process  is"readily  observed.  It  has  been  photographed 
by  Stern,  and  the  increase  of  size  of  the  current  particles  by  absorption  of  water 
and  consequent  swelling  of  the  gelatinous  sheath  which  forms  around  them  has  been 
■described  by  Ambronn  and  may  be'  readily  confirmed.  According  to  Colony, 
a  reaction  subsequently  takes  place  between  this  early  gelatinous  material  and  the 
remaining  constituents  of  the  cement,  and  a  secondary  amorphous  product  is  formed, 
the  desiccation  of  which  is  the  cause  of  the  hardening.  At  a  later  stage,  crystals  of 
calcium  hydroxide,  calcite,  and  zeolites  make  their  appearance. 

An  attempt  to  distinguish  between  the  various  possible  colloidal  products  has  been 
made  by  Keisermann,  using  the  method  of  staining  with  organic  dyes.  The  results 
indicate  that  the  gelatinous  sheath  consists  of  calcium  metasilicates,  which  compound 
also  occurs  in  the  form  of  small  needles,  whilst  the  calcine  hydroxide  and  aluminate 
assume  the  crystalline  form.  These  staining  results  with  colloids  depend  largely  on 
the  concentrations  of  the  substances  concerned,  and  the  writer,  possibly  not  working 
under  precisely  similar  conditions,  has  not  succeeded  in  confirming  all  of  Keisermann 's 
results.  The  dependence  of  the  observations  of  the  size  of  grain  has  been  pointed  out 
by  Wetzel.  Other  experiments  in  which  stains  were  used  led  Blumenthal  to  the 
conclusion  that  the  metasilicate  and  aluminate  were  first  formed  in  a  crystalline 
condition,  so  that  the  cement  sat  like  plaster,  but  that  a  colloidal  gelatinous  silicate 
was  subsequently  formed,  and  strengthened  the  mass  by  binding  the  crystals  together 
and  filling  the  pores. 

The  process  of  setting  of  the  individual  constituents,  as  well  as  of  commercial 
clinker  and  artificial  mixtures,  has  been  examined  in  great  detail  in  the  laboratories 
of  the  U..S.  Bureau  of  Standards.  The  sitaining  method  has  been  applied  as  a 
means  of  identification,  and  the  hydration  has  been  followed  under  various  conditions 
of  temperature  and  proportion  of  water.  The  general  conclusion  is  that  the  initial  set 
is  due  to  the  hydration  of  the  aluminates,  and  that  the  only  stable  hydrated  aluminate 
is  the  tricalcium  salt,  the  water  content  of  which  is  variable.  Either  the  5  13  compound 
or  monocalcium  aluminate,  if  present,  undergoes  hydrolysis,  and  the  tricalcium  salt 
is  formed  together  with  free  alumina,  the  latter  separating  in  a  colloidal  hydrated  form. 
In  presence  of  an  excess  of  water,  the  i^roduct  may  be  crystalline,  as  in  Le  Chatelier's 
original  experiments,  but  with  a  restricted  supply  of  water  an  impervious  layer  of 
the  amorphous  material  may  be  formed,  retarding  the  further  action  of  water.  The 
silicates  are  hvdrated  much  more  slowly,  the  products  being  calcium  hydroxide  and  an 
amorphous  jelly  of  hydrated  silicate.  The  hydrox"de  may  be  crystalline  or  amorplious, 
according  to  the  concentration  and  to  the  rate  of  hydration.  The  hydrolysis  of  the 
silicates  is  even  considered  to  proceed  so  far  that  gelatinous  silica  is  liberated.  The 
subsequent  conversion  of  a  part  of  the  gelatinous  mass  into  crystals  is  ccnsidered  to 
result  rather  in  a  loss  than  in  a  gain  of  strength. 

It  would  appear  that  conclusions  based  on  the  examination  of  mixtures  of  ground 
material  with  water  on  a  microscojje  slide  must  not  be  ap]4ied  indiscriminately  to  the 
conditions  of  actual  practice.  The  ratio  of  writer  to  salts  is  of  the  utmost  importance 
in  determining  the  nature  of  the  products,  although  the  chemical  reactions  may  be  the 
same  in  both  cases.  An  attempt  has  been  made  by  Von  Weimarn  to  show  that 
the  passage  from  the  colloidal  to  the  crystalline  condition  is  a  continuous  one,  and  that 
the  difference  consists  only  in  a  difference  of  size  of  the  particles.     This  may  be  accepted 
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in  the  sense  of  considering  colloidal  materials  as  being  in  such  a  fine  state  of  division 
that  the  surface  forces  are  comparable  in  their  effect  with  those  which  depend  on  mass. 
It  is  then  not  difficult  to  understand  that  tlie  degree  of  supersaturation  of  tiie  solution 
may  determine  whether  the  product  which  sepaiates  shall  have  a  definite  cr}stalline 
form  or  shall  be,  in  the  ordinary  sense,  amorphous.  The  real  nature  of  the  colloidal 
condition  has  been  unnecessarily  obscured  by  the  barbarous  terminology  which  has 
been  adopted  by  so  many  writers  on  the  chemistry  of  coilo'ds,  and  especially  by  the 
school  of  Ws.  Ostwald.  Stripped  of  these  uncouth  technical  terms,  the  study  of 
colloids  appears  far  less  formidable,  and  it  is  to  be  hoped  that  the  present  discussion 
n'ay,  b}^  putting  in  relief  the  views  of  the  supporters  of  the  two  rival  hypotheses  as 
to  the  setting  and  hardening  of  cement,  lead  to  a  recognition  of  the  true  facts  of  the 
case,  and  to  an  elimination  from  the  subject  of  the  complications  which  owe  their 
ongir.  largely  to  a  defective  terminology. 

A  final  reference  should  be  made  to  the  action  of  catalysts  on  the  process  of  setting. 
Wiiilst  many  observations  on  this  point  are  on  record,  the  subject  has  not  been  suffi- 
ciently investigated,  and  affords  a  promising  field  for  research.  The  remarkable  changes 
in  the  velocity  of  setting  which  take  place  spontaneously  in  commercial  ground  cements, 
even  when  stored  out  of  contact  with  air,  are  of  great  technical  importance  and  no 
satisfactory  explanation  of  them  has  yet  been  given. 


THE  SETTING  OF  CEMENT  IN  ITS  RELATION  TO 
ENGINEERING  STRUCTURES, 

By    BERTRAM    BLOUNT. 

The  question  of  the  setting  of  cements  of  all  sorts  has  been  a  subject  of  investigation 
for  many  years,  and,  e.xcept  in  the  simple  case  of  plaster  of  Paris,  remains  unsettled. 
I  propose  to  deal  chiefly  witn  the  practical  aspect  as  it  appears  to  the  engineer.  Before 
doing  this,  however,  I  should  like  to  say  a  word  or  two  on  the  present  state  of  the 
theory  of  the  subject. 

Iv  the  first  place  the  term  cement  is  elastic,  and  it  is  wrong  to  suppose  that 
colloids  like  casein  should  be  excluded.  Their  behavivTiur  may  throw  light  on  the 
mechanism  of  setting  of  more  important  cements.  Next,  how  is  one  to  define 
setting?  Generally  it  involves  hydration,  but  is  the  induration  due  to  loss  of  water, 
as  in  the  case  of  clay,  to  be  excluded?  I  take  it  that,  broadly,  setting  does  not 
connote  Hydration,  and  with  vhis  narrower  definition  we  must  be  content.  Taking 
the  typical  case  of  plaster  of  Paris,  it  has  been  established  that  a  supersaturated 
soiu'dop  is  formed,  that  interlocking  crystals  are  deposited  from  it,  and  that  the 
released  water  passes  on  to  perform  the  same  function  with  adjacent  particles 
This  naturally  leads  to  a  consideration  of  whether  strontium  sulphate  and  barium 
sulphate  set  in  the  same  way.  The  low  solubility  of  both,  especially  the  latter, 
would  seem  at  first  glance  to  negative  the  supposition,  but  as  both  are  found 
crystalline  in  nature,  the  question  is  not  superfluous.  Coming  to  industrial 
ceiTipnts  of  the  Portland  cement  class,  the  question  is  much  more  difficult.  I  am  not 
aware  that  any  definite  proof  has  been  given  that  the  constituents  of  Portland  cement 
form  supersaturated  solutions  and  set  in  the  manner  accepted  as  true  for  plaster  of 
Paris.  A  fair  indication  of  this  is  found  in  the  fact  that  there  are  two  schools  of 
thought  concerning  setting,  the  one  crystalline,  the  other  colloidal.  I  profess  myself 
strongly    neutral,    as   evidence   on  each  side    appears    inconclusive. 

As  setting  is  a  gradual  process,  there  is  no  such  thing  in  reality  as  a  setting 
point  or  setting  time.  But  in  practice  it  is  convenient  to  fix  an  arbitrary  condition, 
which  is  called  the  "  setting  point,"  and  to  call  the  time  occupied  in  reaching  this 
condition  the  "setting  time."  With  minor  cements,  such  as  those  of  the  plaster 
of  Paris  class,  it  is  not  usual  to  define  the  condition  or  the  time  rigidly.  I<"  is  gene- 
rally sufiicient  to  recognise  that  ordinary  plaster  of  Paris  "  goes  off  "  quickly  and 
needs  rapid  handling,  and  that  other  calcium  sulphate  cements,  setting  more  slowly, 
can  be  manipulated  in  a  more  leisurely  wav  and  require  a  considerable  time  to  harden. 
With  the  more  important  cements,  of  which  Portland  cement  is  the  chief  instance, 
something  less  rough  and  ready  is  required.  In  consequence  numerous  methods  have 
been  devised  and   put  into   tentative   use.     One   of   the   most  mechanically   attractive 
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was  that  of  mv  friend  Professor  John  Goodman,  who  in  1887,  as  far  as  I  remember,, 
constructed  a  'machine  consisting  of  a  metal  trough  en  which  ran  a  loaded  roller 
pulled  bv  clockwork  and  having  a  central  fin.  The  trough  was  filled  with  cement 
and  the  "ends  of  the  roller  rolled  on  the  edges  of  the  trough  with  the  fin  dipping  in 
the  plastic  cement.  As  the  cement  set,  and  the  roadbed  became  harder,  the  fin  with 
its  roller  was  gradually  lifted  upwards  and  eventually  rode  on  the  surface  of  the 
set  cement.  The  rate  and  time  of  setting  were  automatically  recorded  on  a  diagram 
drawn  by  a  pencil  passing  through  the  centre  of  the  nailer.  Certainly  a  neat  idea, 
but  the  difficult}-  common  to  all  merhods  of  determining  setting  time  came  in.  There  ' 
was  no  definite'  point  of  time  when  the  fin  on  the  roller  ceased  to  make  an  impres- 
sion, and  thus  the  accuracy  aimed  at  by  this  ingenious  machine  was  greater  than 
the  nature  of  the  material' allowed.  I  hope  that  Professor  Goodman  will  correct  me 
if  I  am  wrong,  as  1  write  from  memory. 

In  practice  the  only  apparatus  of  any  value  for  determining  the  setting  time  of 
cement  is  the  \'icat  needle — or  one  of  its  modifications,  such  as  the  British  standard 
needle  formerly  used — which  is  too  well  known  to  need  description.  By  simple  means 
of  this  kind  cements  can  be  classified  quite  as  closely  as  their  nature  allows,  having 
regard  to  the  fact  that  the  setting  of  cement  is  not  like  the  setting  point  of  a  metal 
— and  that,  too,  is  a  progressive  phenomenon — but  a  gradual   process. 

Even  with  this  modest  standard  of  attainment  the  determination  of  the  setting 
point  of  cement  is  beset  with  pitfalls.  Cement  is  scarcely  ever  used  neat,  and  yet 
its  setting  point  is  invariably  determined  neat,  and  I  for  one  see  no  means  of  using 
any  other  method.  The  best  that  can  be  hoped  for  is  that  a  cement  with  a  given 
K'^etting  time  will  behave  with  some  sort  of  relation  t'liereto  when  it  is  made  into 
mortar  or  concrete.  But  consider  the  difficulties  here.  An  ordinary  Portland  cement 
will  require  about  22^  per  cent,  of  water  to  make  a  plastic  inass.  When  mixed  with 
standard  sand  in  the  proportion  of  1:3  it  will  need  about  10  per  cent,  of  water, 
reckoned  on  the  mixture,  in  order  to  make  a  plastic  rnass^ — i.e.,  roughly  double  the 
amount  used  when  it  is  neat.  The  mechanism  of  setting  will  be  very  different  under 
these  different  conditions,  but  there  is  more  than  that.  The  aggregate,  sand,  stones, 
and  the  like,  will  be  mechanically  m  the  way  of  progressive  hydration  ;  that,  how- 
ever, is  a  trifle  compared  with  the  thermal  effect.  The  setting  of  cement  generates 
heat,  which  in  large  masses  and  with  quick-setting  cem.ents  may  cause  a  considerable 
rise  in  temperature.  Indeed,  the  method  of  measuring  rise  of  temperature  has  been 
suggested  as  a  mode  of  determining  the  setting  time — chiefly  in  Germany ;  anything 
more  lunatic  is  difficult  to  conceive.  Where  the  cement  is  slow  setting  and  the 
proportion  of  aggregate  is  considerable,  say  6  or  8  to  i,  as  it  generally  is,  the  rise 
of  temperature  is  not  large  unless  the  cement  is  so  unsound  that  it  contains  what 
is  conveniently  termed  "  free  lime."  That  Idea  may  be  dismissed  with  regard  to 
cement  made  under  luodern  conditions.  What  is  of  more  moment  is  the  influence 
of  temperature  on  the  rate  of  setting  of  cement.  If  the  temperature  is  high  the  rate 
of  setting  is  correspondingly  high  and  may  be  too  high  for  satisfactory  construction. 

Cements  used  in  Madras  at  a  tropical  temperatu.'e,  and  in  winter  in  Canada, 
obviously  are  being  employed  under  very  different  conditions,  and  it  is  the  business 
t)f  the  cement  manufacturer  to  provide  a  suitable  material  which  shall  act,  not  as 
it  does  in  a  temperate  climate,  bui  in  tlie  place  and  under  the  conditions  of  actual 
use;  he  must  be  a  little  proleptic.  I  admit  that  the  task  is  a  hard  one;  proleptical 
tasks  mostly  are,  but  that  the  difticulties  can  be  overcome  is  shown  pretty  clearly 
by  results.  V^'hen  not  only  ordinary  concrete  but  ferrc-concrete  has  to  be  considered 
the  difficulties  with  regard  to  setting  increase  rapidly. 

A  30-ton  block  may  be  made  for  harbour  work  and  allowed  to  lie  in  the  yard 
for  six  months,  and  if  it  does  not  set  hard  at  once  no  one  is  much  the  woise,  pro- 
vided  that  the  cement  and  aggregate  are  of  good    quality. 

With  ferro-concrete  the  matter  is  diiTerent.  .\  rea-;onabk'  time  must  be  allowed 
for  such  things  as  piles,  as  they  are  not  put  immediately  to  use  and  mav  lie  in  the 
yard,  but  the  ordinarj-  ferro-concrete  structure  is  monolithic,  and  the  engineer  respon- 
sible for  the  stnjcture  must  know  the  period  necessary  for  proper  setting. 

To  sum  up  this  part  of  the  question  of  setting  of  cement  in  general,  it  appears  to 
me — to  put  extant  knowledge  in  the  shortest  way — that  little  is  known  about  the 
mechanism  of  setting,  save  in  the  case  of  plaster  of  Paris  ;  that  the  most  important 
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cement,  Portland  cement,  is  tested  for  setting"  time  reat,  and  is  never  used  neat, 
and  that  there  is  no  quantitative  relation  between  its  setting  time  neat  and  its 
setting  time  in  concrete. 


CRYSTALLOIDS    AGAINST    COLLOIDS    IN    THE    THEORY 

OF   CEMENTS. 

By  HENRY  LE  CHATELIER  (Paris). 
I  HAVE  always  opposed  the  theory  which  attributes  the  hardening  of  cements  to  certain 
colloidal  pro[)erties  of  the  material,  as  being  devoid  of  sense.  People  evade  defining 
a  colloid,  but  they  seem  to  take  the  word  in  the  sense  of  a  body  capable  of  hardening. 
.\nd  then  the  explanation  comes  down  to  this  :  cements  harden  because  they  have  the 
property  of  hardening. 

After  this  general  remark  let  us  note  that  Graham,  the  originator  of  the  dis- 
covery of  the  bodies  designated  as  colloids,  had  recognised  the  existence  of  two  sorts 
of  different  solutions.  The  one  kind  gave  on  evaporation  crystallised  bcvdies  called 
^'rystalloids  (sea-salt,  sugar,  etc.),  the  other  gave  amorphous  gelatinous  materials  called 
colloids  (gelatinous  silica,  gum,  etc.;.  He  further  recognised  that  the  cryslal'-oids  are 
diffused  when  dissolving  and  that  the  colloids  are  not. 

More  recently  Zsigmondy  showed  with  the  aid  of  tbe.ultramicroscope  that  the 
colloidal  solutions  are  not  true  solutions,  but  merely  suspensions  of  very  finely  divided, 
rigorously  insoluble  matter.  These  suspensions  are  opaque,  milky,  or  transparent, 
according  to  the  fineness  and  the  abundance  of  the  pai^ticles  so  suspended  in  the  liquid. 
The  diameter  of  the  true  colloids  approaches  a  millionth  of  a  millimetre,  <md  is 
always  much  less  than  o"ooi  mm. 

All  verj'  minute  insoluble  bodies  give  such  colloidal  suspensions,  but  sure!}-  it 
is  not  sufTicient  cause,  to  give  a  particular  name  to  bodies,  the  only  singular  pro- 
perties of  which  are  insolubility  and  fineness. 

These  very  minute  bodies  possess  our:  quite  special  and  very  important  property, 
however,  which  entitles  them  to  being  classed  separately — that  is,  the  property  of  absorb- 
ing the  soluble  bodies  wiiich  are  held  in  solution  by  the  liquid  with  which,  they  are 
wetted. 

This  absorptive  power  is  a  particular  case  of  much  more  general  properties  which 
all  very  fine  bodies  possess.  Chemically,  a  bod\"  in  the  form  of  an  impalpable  powder 
behaves  quite  differently  from  the  same  bodv  in  the  form  of  big  lumps.  The  former 
is  more  under  the  immediate  sway  of  surface  tension. 

The  fact  has  long  since  been  acknowiedged  that  all  ciiemical  [)henomena  dejienc' 
directly  upon  diverse  forms  of  energy,  of  one  of  which  chemistry  does  not  speak  as  a 
rule — that  is,  the  surface  energy  which  is  measured  by  the  product  of  the  surface  tension 
{or  capillar}-  tension)  and  of  the  free  surface  of  the  body.  In  magnitude,  surface  ten- 
sion is  generally  infinilelv  small  when  compared  with  the  other  forms  of  energy. 
Thus  the  surface  energy  of  a  gram-molecule  of  water,  iS  grams,  in  the  form  of  a 
single  sphere,  just  corresponds  to  6-3  x  10-*  kg.  calorie.  Now  the  vaporisation  of  a 
gram-molecule  of  water  absorbs  10  calories,  and  its  combination  with  lime  liberates 
10  calories.  Its  surface  energy  is  therefore  onlv  equivalent  to  the  one  hundred- 
millionth  part  of  heat — that  is   to  say,   absolutely  negligible. 

If  instead  of  taking  the  water  in  the  form  of  a  single  sphere  we  divided  it  into  a 
vast  number  of  little  globules,  each  of  one-millionth  of  a  mm.,  their  surfaces  and  con- 
sequently their  total  superficial  energy  would  become  330  million  times  greater,  and 
thus  equivalent  to  2  calories ;  that  is  to  sav,  the  surface  energy  would  be  of  the  order 
of  magnitude  of  the  quantity  of  heat  which  water  evolves  in  its  various  chemical  re- 
actions.    The  surface  energy  in  that  c.ise  would  no  longer  be  a  negligible  factor. 

As  regards  solids  in  suspension  in  a  liquid,  there  is  no  direct  method  for  measuring 
the  surface  tension  at  the  constant  l>etweon  the  solid  and  liquid.  Certain  indin-ct  con- 
siderations lead  us  to  admit,  howe\'er,  that  this  tension  may  become  a  hundred  times 
greater  than  that  of  water.  The  superficial  energy  will  be  increased  in  the  same  ratio 
and  its  influence  will  become  appreciable  for  dimensions  of  the  order  of  a  ten-thou- 
sandth   millimetre — dimensions  much  greater   than    those    of    chemical    precipitates. 

A  solid  crystal  in  verv  fine  grains  will  certainly  have  all  the  properties  of  colloids, 
as  long  as  it  retains  its  fineness;  but  it  will  rapidly  lose  the  latter,  as  soon  as  it  is  brought 
in  contact  with  a  liquid  capable  of  partiallv  dissolving  the  substance.     The  energy  of 
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dissolution  will  be  increased  by  the  whole  superficial  energy  of  the  crystal ;  there  will 
result  an  increase  in  the  solubility  of  the  fine  crystals,  and  a  supersaturated  solution  will 
be  produced,   from  which  larger  crystals  will  soon  be  s<?parated. 

Every  soluble  body,  even  if  existing  in  very  fine  division,  progressively  loses  its 
colloidal  properties  when  it  is  maintained  in  contact  with  a  liquid  in  whch  it  is  some- 
what soluble ;  its  transformation  will  be  ail  the  more  rapid,  the  greater  the  solubilitv. 
It  is  only  insoluble  bodies,  therefore,  which  can  pi-eserve  the  extreme  state  of  subdivi- 
sion which  corresponds  to  the  colloidal  state.  For  the  same  reason,  bodies  which  are 
properly  called  colloids  never  show  any  discernible  crystalline  form,  because  the  crystal- 
line orientation  supposes  a  cei'tain  mobility  of  the  material  within  the  solvent. 

We  come  to  the  hydraulic  mortars.  Are  the  products  oi  their  hardening  colloidal 
or  are  they  not?  Let  us  first  take  the  case  of  plaster.  When  plaster  has  set,  we 
can  never  discern  any  crystals  in  the  material,  even  under  the  strongest  magnification 
of  the  microscope.  That  does  not  prove  that  no  crystals  are  foi  med ;  perhaps  they  are 
too  small  to  be  recognised.  Crystals  are  discernible  at  the  end  of  several  weeks;  after 
several  years  they  are  sometimes  visible  to  the  naked  eye.  We  can,  moreover,  make 
the  crvstals  in  hardening  plaster  visible  from  the  beginning,  when  we  gauge  the  plaster 
with  alcoholic  water  (instead  of  pure  water)  ;  the  setting  is  then  retarded  and  the 
crystals  can  better  develop,. 

The  calcium  aiuminates,  which  play  an  important  part  in  the  hardening  of  rapidly 
setting  cements,  are  hydrated  at  the  same  rate  as  the  plaster,  and  they  give  likewise 
a  whitish  mass  in  which  crystals  are  not  discernible.  If,  instead  of  gauging  thi 
aluminate  with  little  water,  we  put  a  few  isolated  grains  of  the  aluminate  into  a  large 
volume  of  water,  we  observe  that  the  grains  soon  become  suiTOunded  by  long  crystals 
of  hydrated  aluminate,  which  are  always  easily  visible  under  the  microscope  and  can 
sometimes  directly  be  seen  by  the  eye. 

Calcium  silicate  alone  causes  a  difllculty  in  these  considerat'ons,  and  this  is  im- 
portant, because  the  silicate  is  the  essential  element  in  the  hardening  of  Portland  cement. 
The  microscope  has  never  enabled  us  to  see  hydrated  calcium  silicate.  Its  cr^staN 
are  certainly  very  minute;  numerous  analogies  prevent  us,  however,  from  denying  their 
existence.  The  hvdration  appears  to  be  exactly  the  same  as  in  the  case  of  barium 
silicate.  In  both,  cr\'Sta!s  of  hydratt'd  lime  or  baryta  are  plainly  visible;  crystals  of 
bariimi  silicate  can  always  be  seen  with  the  aid  of  a  lens.  By  analogv,  hydrated 
calcium  silicate  should  crystallise  as  well ;  but  being  much  less  soluble  than  the 
barium  compound,  the  crv'stals  will  be  too  minute  to  be  discernible.  In  the  course 
of  time  the  dimensions  of  the  crystals  must  increase  considerably,  as  in  all  similar 
instances.     The  colloidal  state  has  nothing  to  do  with  t^e  hardening  of  the  cement. 

I  may  here  be  allowed  to  recall  the  explanation  of  the  hardening  of  cements 
which  I  gave  thirty  vears  ago,  and  which  does  not  appear  to  have  been  weakened 
yet  : 

The  anhydrous  compounds  of  cements,  not  being  in  chemical  equiUbrum  when  in 
contact  with  water,  are  more  soluble  than  the  same  hydrated  compounds.  For  this 
reason  thev  give  rise  to  the  formation  of  a  supersaturated  solution  from  which  the 
hvdrated  compound  mav  rapidly  crystallise.  The  liquid,  being  no  longer  saturated, 
can  redissolve  more  of  the  anhydrous  compounds,  and  the  whole  mass  can  thus  crystal- 
lise progressivelv  bv  passing  through  a  stage  of  transitory  dissolution  in  a  limited  volume 
of  water,  which,  at  any  given  moment,  cannot  maintain  in  solution  more  than  a  small 
portion  of  the  total  mass  of  salts  present.  The  crystals  which  are  deposited  from 
the  supersaturated  solutions  always  appet  r  in  the  shape  of  extremely  elongated  needle?, 
which  have  the  tendencv  to  group  themselves  in  spherolites  about  certain  centres  of 
crystallisation.  The  entanglement  of  all  these  crystals  is  the  only  cause  of  the  solidity  of 
the  mass.  They  become  welded  with  one  another  when  the  reciprocal  orientation  is 
s-uitable;  they  adhere  by  simple  contact,  as  do  all  solid  bodies  when  really  resting  upon 
one  another.  Finally,  friction  at  the  points  of  contact,  even  in  the  absence  of  all  adhe- 
sion, suffices  to  produce  a  great  strength  of  mechancal  resistance,  such  as  is  found  in 
all  tissues  and  fabrics  whose  solidity  has  no  other  origin.  The  finer  and  the  more  elon- 
gated the  crystals,  the  more  numerous  the  points  of  contact  and  the  greater  the  fric- 
tional  resistance.  The  greater  the  area  of  contact,  the  more  developed  the  adinesion. 
The  nrbgressive  growth  of  the  crystal  dimensions  bv  the  mechanism  wliirh  1  have 
suggested  increases  the  part  played  by  adhesion  while  dimini>hing  that  due  to  friction. 

S2 


f  gy.  Cat^STDVCTlOSAL 
{pi.  EMOnVBEJtlNG  — ; 


CONCRETE   VESSELS  IN  HOLLAND. 


CONCRETE  VESSELS  IN  HOLLAND. 

An  interesting  contribution  to  the  literature  on  concrete  ships  is  a  pamphlet  published 
last  year  by  Mr.  A.  A.  Boon,  Civil  Engineer,  Amsterdam,  in  -which,  after  revieiuing  "what 
has  been  done  in  the  -various  countries,  Mr.  Boon  devoted  considerable  space  to  the 
acti-vities  in  his  cam  country — Holland.  It  is  that  part  of  the  publication  -which  is  dealt 
-with  in  the  accompanying  article.  We  are  indebted  to  Mr.  Boon  for  permission  tc  reproduce 
the  illustrations.     Our  abstract  from  the  pamphlet  has  been  prepared  by  Dr.  A.  B.  Searle. — ED. 


The  first  boat  of  reinforced  concrete  to  be  built  in  Holland  was  constructed  in 
1887;  by  Gebriider  Picha-Stevens  at  Sas  van  Gent.  The  Zeemeeuv  {Fig.  i), 
which  was  built  about  the  same  time,  is  still  in  regular  use  by  the  Amsterdamer 
Fabrik  von  Cementeisenwerkev,  notwithstanding  several  collisions  with  other 
larg-e  ships  and  that  it  has  been  frozen  in  the  ice  each  winter.  This  vessel  has 
proved  to  be  unusually  stable — an  important  feature  v.hen  winding  canals  have 
tc  be  negotiated  by  boats  drawn  by  animals. 

In  1909  a  lo-ton  boat,  the  Juliana  {Figs.  2  and  3),  was  designed  and  built 
by  A.  A.  Boon,  of  Amsterdam,  around  an  old  wooden  vessel  which  had  become 
unseaworthy.  A  netting  was  constructed  of  j-in.  bars  spaced  so  as  to  form 
meshes  2  in.  square.  This  was  fitted  outside  the  old  hull  and  was  covered  with 
a  fine  wire  netting  and  then  filled  in  and  covered  with  imp>erv'ious  concrete  to 
a  thickness  of  4  in.  It  was  found  impossible  to  remove  the  old  woodwork 
which  had  formed  the  centering  without  damaging  the  concrete,  so  the  wood 
was  cut  away  where  this  could  be  done  conveniently,  but  a  considerable  part  of 
it  was  left  as  an  integral  part  of  the  renovated  vessel  and  was  incorporated  into 
the  fittings.  This  mode  of  renovating  old  boats  proved  to  be  quite  satisfactory 
for  vessels  of  small  dimensions,  but  it  cannot  be  recommended  for  larger  ones 
as  the  use  of  both  wood  and  concrete  makes  the  boats  too  heavy  in  proportion 
to  their  dead-weight  capacity. 

Mr.  Boon  built  a  larger  concrete  vessel,  the  Antoon  {Figs.  -|  to  6),  in  1910; 
this  was  an  open  lighter  of  fifty  tons  dead-weight  capacity  for  the  removal  of 
ashes,  etc.  It  was  built  with  double  walls,  after  Gabellini's  (Italy)  designs, 
though  in  several  important  respects  it  differed  from  any  of  Gabellini's  boats 
and  is  more  monolithic  in  character.      The  outer  shell  was  made  by  pouring  the 
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concrete  between  the  shuttering-  and  the  inner  shell  and  by  plastering-  the 
concrete  over  a  fine  -viire  network.  The  main  reinforcing  members  consist  of 
a  larg-e  number  of  bars  spaced  uniformly.  The  inner  and  outer  shells  are  con- 
nected by  numerous  webs  or  tie-pieces  of  concrete  arranged  longitudinally  and 
transversely  so  as  to  divide  the  space  between  the  shells  into  a  series  of  closed 


Fig.  2.     The  Juliana  in  1910,  after  five  years'  use. 


compartments.  Additional  webs  are  arranged  at  each  end  of  the  vessel.  The 
total  length  of  the  lig-hter  is  63  ft.  4  in.,  its  breadth  15  ft.  9  in.  above  aind 
12  ft.  4  in.  below,  and  its  total  height  4  ft.  2  in.  It  weighs  thirtv-six  tons. 
The  hold  is  39  ft.  long  and  is  separated  from  the  stem  and  stern  quarters  by 
cross  walls,  the  latter  being  covered  bv  decks.  The  shells  are  onlv  ij  in. 
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thick.      When  in  the  water,  the  unladen  vessel  is  i8  in.  below  the  water  line — 
a  figure  which  is  too  high  for  a  boat  of  the  dimensions  given. 

The   shuttering  for  the  bottom    and  outer   shell  and   for   the  walls   of   the 
intermediate  compartments  was  built  first  and  was  then   "  filled  "  with  a  thin 


Fig.  4.     The  Antoon  (built  in  lylO)  after  six  years'  use. 


1  Is-'.      Kcinforcement  of  50-ton  I  ighter. 


fluid  concrete.  This  was  allowed  to  harden  slightly  and  the  shuttering  for  the 
end  walls  and  decks  was  then  fixed  and  these  parts  of  the  vessel  cast  in  a 
similar  concrete,  special  care  being  taken  to  secure  a  good  joinl  between  the 
new  and  older  concrete       On  removing  the  shuttering  it  is  ciisy  to  see  whether 
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the  casting"  has  been  pro[>erly  executed,  and  any  places  which  may  require 
streng-thening-  may  have  la  Ught  wire  netting  attached  and  covered  with 
concrete.  The  covering-  of  the  reinforcement  of  the  inner  shell  with  concrete 
was  effected  with  the  greatest  possible  care  as  there  was  no  simple  means 
of  proving  that  it  had  been  well  done.  The  outside  of  the  vessel  was  grouted 
smooth  and  the  general  quality  of  the  workmanship  w:as  proved  by  the  fact  that 
when  the  vessel  was  launched  no  leaks  appeared.  This  vessel  has  been  in  daily 
use  for  the  last  seven  years  and  has  not  required  any  repairs. 

Most  of  the  concrete  vessels  now  in  use  have  walls  i^  in.  to  4  in.  thick, 
but  some  of  the  smaller  boats  built  by  Gabellini  have  only  i-in.  walls.  A  thick- 
ness exceeding  2^  in.  appeiars  to  be  excessive  and  makes  the  vessel  ride  too 
deeply  in  the  water;  hence  the  desirability  of  making  the  walls  as  thin  as 
possible  notwithstandiingf  the  corresponding  increase  in  cost.  For  the  same 
reason  the  use  of  a  double  shell  is  undesirable  except  in  boats  or  pontoons 
which  are  liable  to  frequent  and  violent  impacts  from  other  vessels.  In  Mr. 
Boon's  opinion  it  is  better  to  divide  the  whole  vessel  into  a  series  of  water- 
tight compartments,  each  being-  accessible  only  throug-h  manholes  in  the  deck, 
than  to  waste  space  by  the  use  of  small  compartments  between  two  shells,  as  in 


Fig.  6.     Details  of  50-ton  Lighter. 


the  Juliana.  This  arrangement  avoids  the  necessity  of  the  longitudinal  ribs  in 
the  walls  of  tho  vessel,  but  requires  one  or  more  permanent  partitions  in  the 
hold.  Mr.  Boon  considers  that  these  partitions  are  necessary  for  taking  up 
the  strains  and  stresses  caused  by  the  varying  pressures  applied  to  different 
parts  of  the  vessel,  particularly  when  it  is  at  sea  or  if  it  is  loaded  more  heavily 
on  one  side  than  on  the  other. 

Such  an  arrangement  proved  quite  efficient  in  a  semi-rotar}'  pontoon  in 
which  the  breadth  must  not  exceed  10  ft.,  the  immersed  depth  14  in.,  whilst  the 
leng-th  was  50  ft. — dimensions  which  imp>ose  special  difficulties  of  design,  but 
which  were  satisfactorily  overcome  by  constructing  the  vessel  with  thin  walls 
tied  by  webs  at  frequent  intervals  attached  to  a  long-itudinal  partition  running- 
down  the  centre  of  the  pontoon. 

A  steerable  lighter  [Figs.  7  to  10),  constructed  entirely  of  reinforced 
concrete,  and  now  in  use  at  Amsterdam,  is  68  ft.  long,  15  ft.  wide  abo\e,  and 
12  ft.  4  in.  below,  with  a  dead-weight  capacity  of  sixty  tons.  Its  walls  have  an 
average  thickness  of  il  in.,  but  both  stem  and  stern  are  more  strongly  built 
in  order  to  resist  impacts  with  other  vessels  and  with  the  sides,  etc.,  of  the 
canal.     This  vessel  is  divided  into  a  series  of  closed  compartments  bv  means 
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of  three  longitudinal  and  thirty-three  transverse  partitions  [Fig.  9),  all  suitably 
reinforced  with  light  bars  arranged  to  form  a  network.  To  protect  the 
exterior,  a  fixed  rim  or  fender  of  wood  and  half-round  iron  was  used.  Four 
double  hatchways  give  access  to  the  interior  of  the  vessel. 


Fig.  7.     Main  Reinforcement  of  60-ton  Lii^hler. 


FiM.  8.     Deck  Keinforcement  of  60-ton  Lishter. 


i\  type  of  lighter  which  is  extensively  used  on  the  Dutch  oanaJs  for  the 
transport  of  ashes,   dredger-sludge,  and  other  refuse   is   shown   in  Figs.    1 1   to 
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Fig.  9.      Details  of  60-ton  Lighter. 


Fig.  10.    60-ton  Ligliter  ready  for  launching. 
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J 3.      These  lighters  are  46  ft.  8  in.  long",  10  ft.  wide,  and  3  ft.  high,  with  ji  in. 
walls.     They  have  a  carrying  capacity  of  fifteen  tons. 

Concrete  as  extensively  used  in  shipbuilding  in  the  Dutch  East  Indies, 
where  one  firm  makes  a  speciality  of  canoes  and  lig-hters  of  90 — 180  tons  dead- 
weight capacity,  motor  boats  up  to  60  ft.  long,  and  various  pontoons  for 
carrying  steam-cranes  and  other  heavy  machinery. 


Fig.  12.     Lighter  for  ashes  and  mud. 


•Fi{!.  13.     A  Lighter  toe  arches  and  mud. 


Mr.  Boon  is  opposed  to  the  construction  of  small  motor-boats  of  reinforced 
concrete  as  their  weight  is  too  great  in  proportion  to  their  capacity.  For  larger 
vessels,  on  the  other  hand,  the  weight  of  concrete  is  less  important  and  is  more 
than  counterbalanced  by  the  other  advantages  of  the  material.  Among  the 
larger  motor-boats  constructed  of  concrete  is  one  of  100  tons  dead-weight 
capacity,  built  by  Picha,  of  Ghent,   and  measuring  86  ft.   by    14^   ft.  by  7  ft. 
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Careful  examination  of  tAvo  concrete  boats  which  had  been  in  regular  use  for 
sever:  and  eight  years  respectively  showed  that  no  growths  occur  if  the  surface 
of  the  concrete  is  smoothed  before  launching.  If  the  surface  is  left  very  rough 
barnacles  or  algae  may  adhere  to  it.  The  smoothly  finished  concrete  also 
reduces   the   skin    friction   of  the  vessel  when  moving  through   the   water,   and 


Fig.  14.     A  Barge  being  built  at  Malmo. 


Fig.  15.     The  fame  Barge  when  launched 

it  ensures  the  reinforcement  being  kept  free  from  rust — a  matter  of  considerable 
importances  with  respect  to  the  durability  of  concrete  vessels 

It  is  clear  that  Dutch  shipowners  already  appreciate  the  value  of  concrete 
for  shipbuilding  purposes  and  that  there  is  a  good  future  for  this  material, 
provided  sufficient  attention  is  paid  to  keeping  the  weight  of  the  vessel  as  small 
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as  possible  consistent  with  streng-th  and  durability.  The  most  satisfactory 
method  of  doing-  this  is  to  cast  the  vessel  with  thin  walls  and  with  a  suitable 
reinforcement,  and  to  omit  all  constructional  details  which  do  not  serve  a 
definite  static  purpose. 

A  Swedish  Concrete  Vessel.  —By  the  courtesy  of  Mr.  A.  A.  Boon  we  are 
able  to  reproduce  two  photographs  of  a  200-ton  concrete  vessel  recently  built 
by  him  at  Malmo  foi  the  Skanska  Cementgjuteriet,  of  Stockholm.  (See 
Figs.    14  and   15.) 

This  vessel  is  85  ft.  long,  20  ft.  10  in.  wide,  and  8  ft.  high,  with  walls 
ij  in.  to  i|-  in.  thick.  The  dead-weight  is  seventy  tons,  and  ten  tons  of 
reinforcement  have  been  used  in  its  construction. 


MEMORANDUM. 

A  Reinforced  Concrete  Keel.  —  In  a  recent  issue  of  the  Motor  Ship  and  Motor 
Boat  an  interesting  description  is  given  of  how  a  lead  keel  of  a  4-ton  sailing  yawl 
was  rebuilt  in  reinforced  concrete.  The  following  is  the  description  given  by  the 
writer  of  the  article  : — 

"  The  boat  in  question  was  a  4-tcn  sailing  yawl,  but  had  shared  the  fate  of 
manv  others  and  had  sacrificed  her  lead  keel  to  make  inside  ballast  for  Fritz.  Conse- 
quently I  purchased  her  at  a  very  low  figure,  and  as  Che  alterations  were  all 
economically  effected  her  total  cost  was  very  low. 

"  In  considering  such  craft,  supplying  the  keel  determines  the  success  of  the 
proposition,  consequently  I  resolved  to  make  this  myself  of  reinforced  concrete. 
Having  secured  a  quantity  of  scrap  metal,  I  constructed  a  wooden  box  mould  and 
erected  stumps  in  it  to  allow  for  the  keel  bolts.  At  the  foot  of  each  of  these  I 
placed  a  block  of  wood  to  make  a  housing  for  the  bolt  heads.  On  these  I  left  large 
iron  washers  or  plates  to  give  a  hrm  hold  for  the  keel  bolts.  Into  the  mould  I  put 
a  layer  of  concrete  and  bedded  some  long  castings  in  it  to  form  a  backbone.  On 
this  I  kept  cramming  concrete  and  adding  metal  as  ingeniouslv  as  possible,  so 
as  to  get  the  greatest  strength  and  weight. 

"  When  the  mould  was  filled  flush  I  waited  some  weeks  and  then  broke  it 
apart,  leaving  the  keel  standing.  Preparatory-  to  putting  it  under  the  yacht,  I 
chipped  it  and  smoothened  it  off  with  cement  and  drilled  the  stumps  from  the  bolt 
holes.  Having  the  keel  under  the  yacht,  I  fitted  the  bolts  through.  I  found  that 
before  I  could  get  the  keel  a  good  fit  against  the  yacht  I  had  to  remove  it  several 
times  and  bevel  the  top;  but  then  with  a  thick  layer  of  red  and  white  lead  mixed 
on  top  I  bolted  it  up  permanently. 

"  At  this  stage  I  realised  the  convenience  of  concrete,  as  in  casting  the  keel  I 
quite  forgot  the  rudder  shoe,  but  it  was  a  simple  job  fitting  it  and  cementing  it  in. 

"  The  keel,  when  finished,  caused  great  comment  among  the  folk  about,  and 
there  was  much  curiosiU'  as  to  how  it  would  work  with  the  large  spread  of  canvas 
the  yacht  had  hitherto  carried.  Tnings  seemed  to  quieten  down  when  a  4-ft.  bowsprit 
appeared   forward    and  an   auger  aft   through   her   port  quarter." 
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By    THOMAS    POTTER. 
A  Practical  Guide  to  the  General  Use  of  Concrete. 


INTRODUCTION. 

This  series  of  articles  is  not  intended  to  deal  with  concrete  of  an  intricate  nature 
or  hig-h  order,  involving-  alg-ebraioal  calculations  and  theoretical  deductions,  but 
to  its  adaptation  for  buildings  of  an  unpretentious  character  which  form  the 
great  majority  of  those  required  at  the  present  time  in  many  parts  of  the 
country,  and  also  for  many  purposes  for  which  it  is  adapted  in  preference  to 
other  materials  but  which  appears  to  a  great  extent  to  be  imperfectly  under- 
stood. 

The  Author  has  only  dealt  with  materials  and  their  application  that  have 
come  within  his  expeiienoe  during  many  years  in  practice,  when  he  has  been 
able  on  numerous  occasions  personally  to  ascertain  the  results  arising  during 
long  internals  of  time  that  have  elapsed  since  the  work  was  executed. 

I. 
AGGREGATES. 

CoN'CRETE  consists  of  two  elements,  the  material  to  be  joined  together,  called 
the  aggregate,  and  the  cementitious  material,  whatever  it  may  be,  called  the 
matrice.  The  aggregate  should  be  of  an  imperishable  nature,  of  sufficient 
strength  for  the  purpose  it  is  intended  for,  and  capable  of  resisting  compressive 
stress,  and  the  matrice  of  a  suitable  description  to  combine  with  the  aggregate. 
The  latter  should  be  by  preference  irregular  in  shape,  that  its  particles  may 
interlock  and  with  the  matrice  form  a  homogeneous  mass.  It  should  be  clean — 
i.e.,  free  from  clayey  or  ether  deleterious  substances. 

Concrete  in  modern  times  was  at  first  u>ed  only  for  foundations  of 
buildings  and  similar  purposes,  and  for  these  Thames  gravel  or  ballast  was  in 
London  and  near  thereto  the  only  material  employed.  Concrete  was  almost 
unknown  in  London  and  elsewhere  seventy  years  since.  A  London  architect, 
writing  in  the  Builder  in  1848,  says  he  had  used  concrete  for  foundations  in 
London,  but  was  unable  to  in  the  provinces,  as  no  one  appeared  to  know  any- 
thing about  it.  It  had,  however,  been  used  in  isolated  cases  for  a  long  time 
previous  thereto.      About  fifty  years  since  it  was  adopted  for  walls  of  buildings 
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and  almost  entirely  in  the  suburbs  of  large  towns  and  in  country  districts,  while 
gravel  being-  used  exclusively  in  London  it  was  assumed  that  this  was  the  only 
suitable  aggregate  elsewhere.  As,  hoAvever,  gravel  was  not  always  obtainable, 
other  materials  were  employed  and  found  to  be  equally  suitable  for  the  purposes 
required.  The  relative  value  of  various  aggregates  is,  and  always  has  been, 
a  disputed  point;  obviously  the  character  of  most  buildings  erected  in  London 
and  other  populous  centres  is  very  different  from  the  class  of  unpretentious 
buildings  which  form  the  large  majority  required  in  country  districts.  The 
former  are  of  a  greater  height,  have  to  support  much  heavier  loads,  and  are 
occupied  by  many  more  persons.  As  a  result,  the  by-laws  are  strict  as  to  its 
use,  and  in  London  aggregates  are  confined  to  Thames  gravel,  pit  gravel, 
broken  stone  of  a  suitable  description  or  similar  materials.  There  is  no  doubt 
as  to  the  value  of  gravel  of  a  suitable  nature  for  foundations,  but  not  always 
so  for  other  portions  of  buildings.  It  was  used  in  its  early  days  for  overhead 
floors  until  the  London  Fire  Brigade  had  to  caution  firemen  from  entering 
buildings  which  possessed  this  class  of  floors  when  a  fire  was  in  progress,  as 
they  Avere  liable  to  collapse,  and  this  applies  in  a  minor  degree  to  walls  built 
of  gravel  concrete. 

The  by-laws  of  the  London  County  Council  require  gravel  to  be  no  larger 
than  will  pass  a  three-quarler-inch  mesh.  Thames  gravel  has  therefore  to 
be  screened  or  crushed.  Pit  gravel  has  as  a  result  come  considerably  into  use 
of  late  years,  this  being  crushed  to  the  size  at  the  pits,  Avashed,  and  delivered 
on  jobs  ready  for  use.  It  has  the  app>earance  of  being  clean,  but  in  many 
instances,  if  seme  is  put  in  a  bucket,  water  added,  and  stirred  for  a  few 
seconds,  the  latter  will  be  found  dirty,  and  totally  unfit  to  use  v.ith  cement. 
River  gravel  from  quick  running  streams  is  usually  clean,  but  in  sluggish  ones 
is  often  mixed  with  mud  resulting  from  the  washing  aAvay  of  the  banks  on 
either  side,  but  this  mud  is  not  diflficult  to  get  rid  of  by  washing. 

Most  pit  gravel  is  intermixed  with  clayey  and  argillaceous  matter,  and  is 
totally  unfit  for  concrete  unless  thoroughly  Avashed.  and  repeated  Avashings 
are  often  necessary  before  it  is  usable,  A\-hich  makes  it  cheaper  at  times  to 
procure  some  other  aggregate  of  a  cleaner  nature. 

SLAG. 

Slag  makes  one  of  the  best  of  aggr^ates,  the  only  objection  to  its  use  being 
the  sulphur  Avhich  it  is  said  to  contain,  but  this  can  be  eliminated  by  exposure 
to  the  atmosphere  and  by  Avashing. 

It  is  a  Avaste  product.  Immense  mounds  are  to  be  seen  adjacent  to  most 
iron  mines,  which  haAX  been  there  for  years  and  haAe  become  thoroughly 
aerated.  There  is  enough  slag  in  various  parts  of  the  country  to  build  ten 
times  the  number  of  cottages  that  Avill  be  required  after  the  AA-ar. 

It  is  usually  considered  that  all  materials  that  haAe  passed  through  fire 
require  no  AAashing,  but  they  are  coated  Avith  a  film  of  fine  dust  and  an 
impalpable  sandy  element  not  apparent  to  the  naked  eye,  and  these  are 
extremely  injurious  to  cement..  Avhich  combines  best  Avith  coarse-grained  sandy 
materials,  a  factor  that  is  aa'cII  knoAvn  to  those  Avhose  occupation  is  entirely 
confined  to  its  practical  use. 
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Materials  that  have  pased  through  a  crusher  are  of  the  same  description. 
The  best  way  of  -washing  aggregates  is  described  in  Chapter  I\'. 

At  most  iron  mines  slag  is  crushed  to  any  size  recjuired  and  sold  for 
concrete  work  and  othe'  purposes. 

COKE    BREEZE. 

Coke  breeze  v.-as  at  one  time  used  extensively  for  floors,  and  has  found 
more  opponents  than  any  other  material  by  reason  of  the  sulphur  which  it  is 
said  to  contain,  but  which  can  be  got  rid  of  in  the  same  way  as  with  slag.  It 
is  not  one  of  the  best  materials  for  Avails  owing  to  its  small  and  uniform  size, 
but  has  been  largely  used  for  suspended  or  overhead  floors.  Sir  Henry  Tanner 
once  said  that  he  had  always  used  it  for  floors  of  new  post  otlices  and  had 
received  no  comiplaints  relative  thereto.  I  have  used  large  quantities  in  the 
past  with  gCHxl  results. 

Other  objections  have  been  that  it  will  not  resist  fire  or  bear  a  heavy  com- 
pressive stress.  The  British  Fire  Prevention  Committee  made  experiments  on 
actual  floors  constructed  with  seven  different  kinds  of  aggregates,  the  result  being 
that  coke  breeze  withstood  a  fire  of  three  hours'  duration  with  a  temperature  of 
190  deg.  Fahr.,  after  which  Avater  was  played  on  with  a  hose  and  the  concrete 
remained  free  from  cracks  or  deflection,  while  Thames  ballast  proved  to  be  the 
least  fire-resisting  of  the  aggregates  tested. 

For  compression  in  oomparison  with  brickwork  Mr.  Kirkaldy  tested  a 
brick  pier  18  x  18  x  18  inches  of  stock  bricks  and  blue  lias  lime  mortar  and  one 
of  a  similar  size  of  coke  breeze  concrete  i — 6.  The  former  crushed  with  a  load 
of  forty-seven  tons  and  the  latter  Avith  131  tons.  But  Avherever  coke  breeze  is 
used  care  should  be  exercised.  Its  quality  depends  largely  on  the  nature  of 
the  coal  from  AA^hich  it  is  produced,  and  it  is  ahvays  advisable  to  Avash  it, 
although  in  a  general  Avay  this  is  but  seldom  practised.  The  coke  in  parts  of 
Scotland  is  considered  by  some  authorities  as  a  dangerous  element  in  concrete, 
but  I  haAC  never  found  this  to  be  the  case,  and  have  used  a  very  large  quantity 
produced   in   GlasgOA\ . 

BOILER    ASHES. 

Boiler  ashes  make  good  concrete,  sulphur  being  the  usual  objection,  but  of 
Avhich  in  mv  experience  I  haA-e  neAcr  found  any  CA'idenoe.  ObAuously  they 
should  be  free  from  deleterious  substances  that  sometimes  get  intermixed  there- 
with, such  as  cotton  waste,  soot  from  boiler  tubes,  etc.  Ashes  are  cleanest 
Avhen  obtained  from  boiler-houses  Avhere  mechanical  stokers  are  used  and  from 
locomotives.  They  are  sometimes  graded  ready  for  use  at  large  AA*orks,  but 
if  otht'TAvise  the  grading  is  an  inexpensive  operation.  Most  raihvay  companies 
deliver  them  to  any  of  their  stations  at  a  low  charge,  but  ashes  from  locomotives 
which  pass  through  lias  lime  districts  should  be  avoided.  The  driA-ers  often 
eke  out  their  fuel  by  throAving  in  fragments  of  the  stone,  Avhich  they  by  some 
means  obtain  on  their  Avay ;  these  fragments  get  conAcrted  into  lime,  acquire 
the  same  colour  as  ashes,  and  are  unnoticed,  and  do  not  slake  at  times  until  the 
concrete  containing  them  has  been  completed,  Avhen  an  upheaval  takes  place 
and  the  concrete  is  entirely  ruined.  Numerous  failures  have  occurred  from  this 
cause.  This  practice  applies  to  the  L.  and  S.W.  Raihvay,  some  portions  of 
the  Midland,  and  perhaps  to  some  others.  Before  using  locomotive  ashes  the 
source  of  the  supplv  should  be  carefully  investigaUd.  95 
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DEBRIS   FROM     OLD   BUILDINGS. 

Bricks  and  stone  from  building^s  undergoing"  demolition  make  a  suitable 
ag-greg-ate  tor  most  purposes,  provided  all  mortar  and  foreign  matter  of  every 
description  is  removed  as  far  as  practicable.  The  material  should  have  passed 
through  a  crusher  and  should  be  thoroug-hly  washed.  Old  slates  and  tiles  should 
be  avoided.  Especial  care  should  be  taken  that  old  plaster  from  the  walls, 
cornices,  etc.,  in  which  plaster  of  Paris  has  been  used  does  not  get  intermixed 
with  the  debris,  as,  no  matter  what  its  age,  it  will,  when  mixed  with  cement 
concrete,  cause  disintegration,  and  in  floors  an  upheaval.  Concrete  of  old  floors 
in  which  plaster  of  Paris  was  the  matrice,  and  which  had  been  re-used  as  an 
aggregate  for  new  floors,  with  cement  as  the  matrice,  resulted  in  the  concrete 
having  to  be  entirely  removed.  Sooty  bricks  should  be  avoided,  except  for 
foundation  concrete,  as  soot  will  disfigure  all  lime  plaster  and  cement  surfaces. 

BRICK    AXD    TILE     WORKS     REFUSE    AND     QUARRY    CHIPPINGS. 

These  make  a  good  aggregate,  as  a  rule,  being  clean  and  free  from 
deleterious  substances,  but  require  to  be  crushed  to  the  grade  required.  Hand 
breaking  will  not  effect  this  object.  At  many  large  quarries  and  brick  and  tile 
works  the  materials  are  crushed  to  any  required  size. 

FLINTS. 

Flints  from  the  chalk  formation  or  picked  from  the  surface  of  agricultural 
and  pasture  land  make  one  of  the  best  aggregates  if  passed  through  a  crusher, 
but  useless  if  broken  by  hand.  Their  glassy  and  impermeable  nature  does  not 
prevent  cement  from  adhering  thereto — just  the  reverse — their  superiority  in 
this  respect  over  jwrous  aggregates  with  rough  surfaces  having  been  fully 
established,  although  contrafy  to  all  theory. 

CLINKER. 

Clinker,  or  vitrified  boiler  residue,  does  not  make  a  desirable  aggregate ;  it 
is  mostly  of  a  spongy  character,  unshapable,  and  requires  a  good  deal  of 
washing  to  rid  it  of  its  fine  dusty  constituents. 

BURNT    CLAY. 

Clay,  if  properly  burnt,  is  of  the  nature  of  bricks,  and  forms  a  fairly  good 
aggregate;  but  it  requires  the  servioes  of  a  practised  man  to  supervise  the 
burning,  otherwise  it  varies  in  its  degrees  of  hardness.  The  cost  of  fuel  and 
labour  is  considerable,  and  as  a  result  it  is  seldom  used  if  any  other  aggregate 
is  available. 

CHALK. 

Chalk  from  the  middle  and  lower  chalk  formation  is  usually  as  hard  as 
some  quarry  stones,  and  makes  a  good  aggregate,  but  is  seldom  available. 
The  upper  stratum,  being  of  a  soft  character,  is  not  desirable,  but  where  no  other 
aggregate  was  to  be  had  on  one  occasion,  about  thirty  years  ago,  I  used  this 
material  as  the  aggregate  for  concrete  walls  and  overhead  floors  of  a  pair 
of  cottages.  The  finer  jx>rtion,  which  passed  through  a  quarter-inch  mesh,  was 
eliminated,  and  boiler  ashes  and  sand  of  a  similar  grade  substituted.  These 
cottages  have  always  been  w^eatherproof,  and  internally  the  walls  are  quite  dry. 
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11. 

MATRICES. 

LIME. 

Lime  appyears  to  have  been  the  only  matrice,  so  far  as  we  know,  used  by 
the  ancients,  and  of  a  hydraulic  character.  The  name  "  hydraulic  "  is  given 
to  litnes  which  set  land  harden  equally  as  well  (or  better)  in  water  as  in  air,  and 
non-hydraulic  when  of  an  opposite  character. 

Remains  of  lime  concrete  have  been  found  in  Egypt  long'  anterior  to  its 
known  use  by  the  Romans,  who  are  supposed  to  have  introduced  it  into  this 
country.  The  invention  of  Portland  cement  caused  lime  for  concrete  to  be 
abandoned  to  a  great  extent. 

Lime  made  from  the  upper  strata  of  the  chalk  formation  is  unsuitable  for 
concrete,  being  non-hydraulic  and  deficient  in  strength ;  but  the  middle  and 
lower  strata  are  to  a  ceitain  extent  hydraulic  and  stronger,  and  known  as 
grey  stone  lime.  The  lias  stones  make  the  best  lime,  and  are  to  be  found  in 
many  parts  of  Great  Britain,  but  they  are  slow  in  slaking  when  water  is  added 
to  reduce  them  to  a  powder.  As  a  result  they  have  to  be  ground  for  concrete 
purposes,  and  even  then  small,  unground  portions  are  sometimes  in  evidence, 
to  remedy  which  it  should  be  kept  in  a  waterproof  shed  in  bulk  on  a  wood  floor, 
ocxrasionally  stirred  to  allow  air  to  permeate,  and  the  doors  kept  open  as  much 
as  possible.  This  is  called  air  slaking,  and  the  time  allowed  for  the  purpose 
two  to  four  weeks,  depending  on  the  amount  of  humidity  in  the  atmosphere. 
Smeaton,  the  engineer  of  the  Eddystone  Lighthouse,  found  that  it  lost  no 
strength  when  kept  in  airtight  casks  for  seven  years.  Lime  reduced  to  a 
powder  in  this  way  is  called  hydrated  lime.  An  advantage  possessed  by  lime  is 
that  its  greatest  strength  is  when  mixed  with  two  to  three  parts  of  sand, 
whereas  Portland  cement  dinunishes  pro  rata  to  the  amount  of  added  sand. 

On  one  occasion,  v  hen  cement  was  a  high  price,  I  erected  some  buildings 
of  a  plain  character  in  which  a  thousand  cubic  yards  of  concrete  were  required 
for  the  walls.  I  used  as  a  matrice  one  part  of  cement  and  six  parts  of  ground 
lime  by  measure,  and  twenty-one  parts  of  an  aggregate  composed  of  crushed 
debris  from  old  buildings  that  occupied  the  site.  The  result  was  quite  satis- 
factory, and,  although  not  reinforced,  the  walls  are  as  good  at  the  present  time 
as  when  built,  twenty-five  years  since,  and  no  temperature  or  other  cracks  have 
developed.  .As  lime  is  only  about  one-half  the  price  of  cement  and  half  the 
weight,  it  is  a  question  whether,  under  special  circumstances,  it  could  not  be 
employed  at  times  to  advantage. 

SKLEXITIC    CEMENT. 

Selenitic  cement,  the  invention  of  General  Scott  in  1S70,  consists  of  lime 
to  which  about  5  per  cent,  of  plaster  of  Paris  is  added.  It  is  inferior  in  strength 
to  Portland  cement,  and  not  in  much  request  as  a  matrice. 

ROMAN     CEMENT. 

Roman  cement  sets  too  quickly,  and  deteriorates  by  keeping,  and  is  only 
useful  for  special  purposes. 

PI..ASTER    OF    PARIS. 

Plaster  of  Paris  was  used  extensively   for  overhead   floors   previous  to  the 
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invention  of  Portland  cement  and  for  some  time  after.  It  expands  consider- 
ably in  setting-,  which  necessitates  for  floors  the  use  of  wood  fillets  at  intervals, 
which  are  withdrawn  as  soon  as  it  commences  to  swell.  It  causes  iron  with 
which  it  comes  in  contact  to  rust,  loses  its  streng-th  by  keeping,  and  is  much 
weaker  than  Portland  cement. 

PORTLAND    CEMENT. 

Portland  cement  possesses  properties  that  are  essential  in  a  good  matrice. 
It  is  of  great  strength,  hydraulic,  and  affords  sufficient  time  when  mixed  with 
the  agfgregate,  and  before  it  sets,  to  deposit  it  where  required.  It  was  the 
practice  at  one  time  to  allow  it  to  aerate  in  a  similar  way  to  that  described  for 
lime,  but  it  is  now  ground  so  fine  that  manufacturers  say  it  requires  no 
seasoning,  but  is  better  for  use  on  delivery,  and  that  it  loses  some  portion  of 
its  strength  if  kept  long  and  not  confined  in  sacks  or  casks.  The  quality  of 
cement — a  verv  imp)ortant  feature — is  difficult  to  ascertain  from  appearance  or 
by  handling,  and  only  by  making-  proper  test  specimens  can  reliable  results  be 
obtained.  This  will  necessitate  the  use  of  a  testing  machine,  and  even  then  the 
results  will  only  indicate  the  quality  in  a  certain  direction,  and,  if  complete  tests 
are  to  be  made,  the  use  of  a  laboratory  is  necessary.. 

Unless  the  work  is  of  an  extensive  character  and  ample  time  is  allowed 
for  testing,  which  is  rarely  the  case,  it  had  better  not  be  attempted  except  by 
an  expert,  who  would  be  certain  to  obtain  more  accurate  results.  If  a  guarantee 
is  given  that  the  cement  is  to  the  British  Standard  Specification,  but  little  doubt 
can  exist  as  to  its  quality.  This  specification  decides  the  various  points  that  it 
is  agreed  are  necessan/  to  ensure  the  best  quality,  and  reputable  manufacturers 
guarantee  their  cement  to  be  of  this  standard  and  test  it  at  their  works 

{To   be   continued.) 
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SEA    WATER. 


By  R.  J.  WIG  and  L.  R.  FERGUSON. 

The  question  of  the  beh^mour  of  concrete  in  sea  "water  is  one  of  the  greatest  importance, 
and  the  result  of  some  most  interesting  and  instructive  examinations  of  such  concrete 
structures  has  recently  been  published  in  "Engineering  Netvs  Record,"  in  the  form  of  five 
articles  of  -which  vje  reprint  the  first  hereivith.  The  investigations  tuere  carried  out 
by  Messrs.  R.  J.  Wig  (Bureau  of  Standards,  U.S.A.)  and  L.  R.  Ferguson  of  the  Portland 
Cement  Association.  The  investigations  extended  over  a  period  of  t-wo  years,  during 
luhich  146  different  structures  in  the  United  States  alone  -were  examined.  The  authors,  in  the 
course  of  this  article,  state:— "  It  is  not  the  intention  to  demonstrate  that  concrete  cannot 
be  used  for  marine  structures.  On  the  contrary  it  is  their  opinion  that  it  is  a  most  economical 
material,  if  it  is  made  so  as  to  successfully  resist  sea  -water  action,  and  it  is  their  opinion 
that  it  can  be  made  so.  " — ED. 


The  durability  of  concrete  in  sea  water  has  been  a  subject  of  absorbing-  interest 
to  eng-ineers  for  many  years.  Numerous  isolated  structures  have  been 
examined  and  many  theories  have  been  advanced,  but  it  is  safe  to  say  that 
there  is  no  unanimity  of  opinion  among  eng-ineers  as  to  the  condition  of  marine 
concrete  or  as  to  the  causes  of  deterioration,  if  such  deterioration  is  .admitted. 

It  has  been  the  privilege  of  the  writers  in  the  past  two  years  to  make  a 
personal  examination  of  nearly  every  concrete  structure  in  sea  water  in  the 
continental  limits  of  the  United  States,  besides  a  great  number  in  Canada, 
Cuba,  and  Panama.  In  addition,  detailed  information  has  been  secured 
through  American  consular  offices  on  the  methods  of  construction  and  present 
condition  of  concrete  works  in  various  harbours  all  over  the  world.  As  a 
result  of  this  study  the  writers  are  convinced  that  they  have  secured  data  which 
warrant  conclusions  of  great  importance  to  the  eng-ineering  profession.  In 
many  oases  the  conclusions  drawn  are  at  variance  with  common  engineering 
practice,  which  is  shown  to  be  incorrect  by  the  comprehensive  evidence  at  hand, 
and  some  radical  changes  in  design  and  methods  of  construction  are  suggested. 
These  conclusions  account  for  the  almost  universal  progressive  decomposition 
of  concrete  in  sea  water  and  lead  to  suggestions  for  the  improvement  of 
concrete  making  and  placing,  which  .should  insure  the  permanency  of  a  material 
that  otherwise  is  so  well  suited  for  many  needed  ocean  structures. 

It  is  the  intention  to  outline  some  of  the  studies  made,  and  these  articles  will 
demonstrate  that  (i)  permanency  for  plain  and  reinforced  concrete  can  be 
obtained  under  most,  but  not  all,  conditions  of  exposure ;  {2)  all  concrete  in  sea 
water,  both  in  northern  and  southern  climates,  is  subject  to  chemical  disintegra- 
tion under  certain  conditions ;  (3)  reinforced  concrete  of  excellent  quality, 
designed  according  to  recommendations  of  engineering  societies  and  present 
practice,  is  subject  to  relatively  rapid  deterioration  in  most  localities ;  (4)  the 
materials  and  methods  used   in  construction  have  an   important  bearing  on  the 
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durability    of   concrete    and    the    design    and    the  protection   provided    infiuence 
greatly  the  permanency  of  the  structure. 

The  fact  that  the  number  of  structures  examined  has  been  so  large  is  of 
much  importance.  Any  investigation  which  is  confined  to  a  limited  section  of 
the  country  would  lead  one  to  draw  very  erroneous  conclusions  if  deductions 
of  a  general  character  were  attempted.  Such  general  deductions  can  only  be 
made  after  a  survey  of  broad  scope  covering  sections  where  widely  varying 
climatic  and  physical  conditions  exist. 


Fig.  1.     Arrows  indicate  Construction  Seams  in  wall  immediately  after  construction. 
Concrete  in  Se.\  Water. 


In  addition  to  this,  the  facts  must  be  known  about  the  methods  used  in 
construction,  the  materials  of  which  the  concrete  was  made,  the  amount  of 
water  used  in  mixing,  the  past  and  present  conditions  of  exposure,  the  s.alt 
content  of  the  water,  and  in  fact  all  the  details  which  can  only  be  secured  by 
a  careful  examination  of  the  structure,  by  studying  the  specifications,  drawings, 
records  and  photographs  made  during  construction,  and  by  interviewing  those 
actually  in  charge  of  the  work. 
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This  information  was  secured  by  the  writers  in  conformity  with  a  detailed 
questionnaire,  and  the  data  thus  obtained  frequently  offered  the  true  explana- 
tion of  existing'  conditions.  Without  this  detailed  knowledg'e  entirely  wrong- 
conclusions  might  easily  have  been  drawn,  land  in  fact  this  was  found  to  be 
the  case  in  a  number  of  instances.  Of  course,  it  is  often  difficult  to  unearth  the 
actual  facts  about  the  building-  of  a  structure  ten  or  fifteen  years  old ;  unless 
these  facts  appear  in  the  records  or  can  be  seen  from  a  progress  photograph 


Fig.  2,     View  showing;  how  Consttuction  Seams  were  attacked  by  sea  water  in  U  years. 
Concrete  in  Sea  Water. 

they  must  be  secured  from  the  engineers  and  inspyectors  who  had  charge  of  the 
work.  If  any  defects  are  now  in  evidence  or  if  the  concrete  is  deteriorating- 
these  men  feel  a  sense  of  responsibility  and  sometimes  are  loath  to  tell  what 
actually  hapjx^ned  during  the  construction.  The  txjnditions  under  which  the 
present  investigation  was  made  were  extremely  fortunate,  for  to  the  greatest 
possible  extent  were  all  the  facts  made  available. 

One  or  two  examples  of  the  utility  of  historical  references  may  be  cited. 
The  illustration  {Fig.  2)  shows  a  concrete  wall  in  a  state  of  progressive  dis- 
integration.     If  one  were  to  examine  that  wall  in  the  light  of  present   iiiforma- 
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lion  there  mig-ht  be  some  difficulty  In  understanding-  or  analysing  the  reasons 
for  the  partial  failure.  However,  an  examination  of  the  view  [Fig.  i),  which  is 
of  that  wall  twelve  years  before,  throws  g-reat  light  on  the  trouble.  It  will  be 
noticed  in  the  early  view  that  construction  seams  were  formed,  as  indicated 
by  the  arrows.  The  \\all  was  built  dry  within  a  cofferdam,  and  although 
perfectlv  obvious  the  seams  do  not  look  partictilarly  dang-erous.  A  study  of 
the  later  picture,  however,  shows  that  the  deep  erosion  of  the  sea  water  has 
taken  place  right  along  these  construction  seams. 

There  is  a  concrete  pier  along-  the  New  Eng-land  coast  which  has  been  the 
subject  of  a  number  of  investig-ations  and  reports.  This  pier  was  built  about 
fifteen  vears  ag^o,  and  even  before  it  was  completed  there  were  signs  of 
deterioration.  This  continued,  and  before  a  great  while  endang-ered  the 
stability  of  some  parts  of  the  structure.  From  the  construction  photographs 
and  the  evidence  of  the  inspector  in  charge  of  the  work  it  was  clear  the  concrete 
was  mixed  dry.  In  another  case  an  inspector  testified  to  the  fact  that  a  tremie 
had  not  been  used  in  its  normal  and  expected  fashion,  but  as  a  chute,  permitting 
the  concrete  to  settle  from  its  bottom  throug-h  8  ft.  of  water. 

It  is  not  the  intention  of  these  articles  to  demonstrate  that  concrete  cannot 
be  used  for  marine  structures.  On  the  contrary,  it  is  the  opinion  of  the  authors 
that  it  is  a  most  econcunical  material  to  be  used  if  it  is  made  so  as  to  success- 
luUv  resist  sea-water  action,  and  it  is  their  opinion  that  it  can  be  made  so. 
The  articles  will,  however,  illustrate  in  an  emphatic  manner  the  rapid  deteriora- 
tion which  results  from  the  use  of  too  little  or  too  much  water  in  mixing 
concrete,  the  orig-in  and  development  of  deterioration  from  normal  construction 
seams  ^vhich  are  common  to  most  concrete  work,  the  protecting  influence  of 
adequate  fender  systems  or  granite  facings,  the  need  for  radical  modification 
in  the  design  of  reinforced-concrete  marine  structures,  and  the  conditions  under 
which  sea  water  can  be  used  in  mixing-  the  concrete  without  detrimental  effect. 

It  is  a  fact  that  plain  concrete,  if  exposed  to  physical  abrasion,  will  very 
soon  commence  to  disintegrate,  due  to  chemical  action.  The  evidence  collected 
by  the  authors  shows  that  reinforced  concrete  will,  in  practically  cmy  climate, 
beg^in  in  a  short  time  to  fail  above  sea  water  due  to  the  absorption  of  the  sea 
water  or  penetration  of  sea  air  bearing-  chlorine  to  the  reinforcement.  This 
reinforcement  soon  rusts  and  the  concrete  cracks. 

Engineers  recognise  that  deterioration  of  unreinforced  concrete  takes  place 
in  certain  localities,  but  the  opinion  is  held  by  many  that  the  trouble  is  confined 
1o  the  north,  where  freezing  conditions  exist.  Such  is  not  the  case.  Both 
chemical  and  physical  disintegration  of  concrete  structures  are  in  progress 
along  all  our  sea  coasts,  although  the  action  is  greatly  accelerated  in  the  case 
of  plain  concrete  where  low  temperatures  exist  and  in  the  case  of  reinforced 
conciete  where  high  temperatures  exist. 

In  i>ointing  out  the  conditions  which  have  led  to  deterioration  in  some  of 
the  concrete  structures  there  is  no  intention  to  criticise  those  who  were  in 
charge  of  design  and  construction,  for  most  of  it  accorded  with  current 
engineering  principles.  The  only  reason  for  calling  attention  to  the  causes  for 
detei  ioration  is  to  show  how  such  trouble  can  be  obviated  in  the  future  and 
more  durable  structures  built  of  concrete. 

(To  be  cn^it'nuied.) 
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BRITISH    TRADE    AND    THE    METRIC    SYSTEM. 

By  E.  A.  W.  PHILLIPS,  M.Inst.C.E.,  M.C.I. 

The  following  is  an  abstract  from  a  paper  read  before  the  Concrete  Institute  on 
January  2^th.     A  report  of  ths  discussion  is  also  given. 

The  above  title  has  been  assumed  for  this  paper  because  it  is  the  title  of  a  book* 
on  the  same  subject  and  because  it  is  very  appropriate,  since  the  author's  object  is 
the  increased  commercial  prosperity  of  the  Empire. 

It  is  argued  that  the  book  introduces  a  new  metre  and  a  new  system,  with 
disadvantages  which  hardly  need  memtioning ;  that  the  new  metre  is  a  "freak" 
metre;  that  it  would  not  appeal  to  our  present  metric  customers;  that  the  simplifi- 
cation of  the  British  system  is  merely  collateral  to  the  advantage  the  metric  system 
would  give  us  in  the  other  markets  of  ttie  world ;  and  that  the  public  generally  could 
never  be  induced  to  adopt  a  new  decimal  standard.  The  author  quotes  all  this 
with  a  view  to  showing-  that  he  is  acquainted  with  metric  arguments.  He  has  indeed 
been  so  since  long  before  iqo8,  the  year  of  the  discovery  of  the  Tripod,  so  that  the 
first  thing  he  wishes  to  impress  upon  his  audience  is  the  fact  that  he  did  not  oi)en 
his  offensive  v.'ithout  a  full  knowledge  of  the  entrenchments  he  means  to  take. 

Although  what  he  has  to  say  is  of  supreme  importance  to  British  trade  through- 
out the  Empire,  it  ought  not  to  be  assumed  that  he  is  acquainted  with  eveiy  trade 
custom  and  exigency.  He  offers  trade  a  sure  tool,  which  he  is  aware,  from  the 
investigations  he  has  been  able  to  make,  is  as  good,  at  least,  as  any  other  article  on 
the  market  for  certain  special  purposes,  and  infinitelv  superior  for  common  everyday 
use. 

The  point  is  that  the  Tripod  is  nothing  new.  The  British  already  have  it  ready 
to  hand.  So  far  from  adopting  any  new  system,  they  have  onlv  to  take  the  jjer feet ly 
serviceable  tools  they  possess  from  the  nationa.1  tool-chest  and  use  them  projjerly. 

The  term  "  British  trade  "  in  the  title  is  to  be  taken  in  its  widest  possible  sense 
as  including  every  human  transaction  in  the  Empire  which  can,  by  anv  stretch  of 
imagination,  be  regarded  as  "  sale"  or  "barter." 

If  some  catastrophe  removed  all  that  appertained  to  weights,  measures,  and  currency 
from  this  planet,  not  the  standards  only,  but  everything,  how  would  mankind  set 
about  their  renewal?  That  is  a  question  which  shoukl  not  be  overkx>kod  in  anv 
argument,   because   one   answer  undeniably   might    refer   to  democracy   and   its  obliga- 
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tions.  No  solution  which  did  not  as  carefully  provide  for  the  needs  of  the  sm^ill  men 
as  those  of  the  great  men  ought  to  stand  any  chance  of  acceptance.  Can  any  modern 
civilisied  man  assert  the  contrary?  It  may  be  assumed,  therefore,  that  an  inter- 
national system  of  weights  and  measures  ought  to  serve  all  men,  not  a  minority, 
however  important,  not  even  a  majority. 

Another  imix)rtant  consideration,  the  outcome  indeed  of  the  last  paragraph, 
is  contained  in  the  question  :  Should  a  system  of  weights  and  measures  be  purely 
decimal  or  should  it  afford  an  opening  for  the  employment  also  of  vulgar  fractions, 
and  if  so,  to  what  extent  ?  This  is  not  merely  a  matter  of  opinion ;  the  answer 
ought  to  embod)'  personal  experience.  If  even  80  per  cent,  of  men  could  do 
with  occasional  halves,  quarters,  and  eighths,  and  the  system  failed  to  provide 
for  the  needs  of  the  remaining  20  per  cent.,  who  required  sixteenths,  and  perhaps  even 
smaller  non-decimal  sub-divisions,  the  system  would  be  defective,  and  involve  serious 
hardship. 

It  is  impossible  to  say  exactly  how  the  ancient  scheme  came  to  be  framed  on  the 
lines  on  which  the  author  discovered  it,  but  the  theory  of  the  Tripod  or  triple  scale 
in  weights  and  measures  is  this  : — 

(a)  The  Polar  .■\xis,  about  which  the  whole  globe  revolves,  ought  to  be  the 
selected  earth-line  upon  which  an  international  scheme  should  be  based. 

(b)  The  inch,  the  most  important  unit  in  the  whole  system,  ought  to  be  the 
i/i,ooo,ooo,oooth  part  of  the  double  Polar  Axis,  or  the  i /500,000,000th  part  of  the 
single  Polar  Axis. 

(c)  The  chain  ought  to  be  792  of  these  inches,  the  number  792  being  the  least 
common  multiple  of  all  numerals  from  2  to  12,  with  the  exception  only  of  5  and  10, 
the  decim,al  numbers  provided  for  in  the  decimal  scale,  and  7,  the  sacred  number, 
little  used,  and  then  chiefly  to  multiply. 

(d)  The  numbers  representing  the  decimal,  fractional,  and  duodecimal  scales, 
which  would  cover  all  human  needs,  are  10,  11,  and  12. 

(e)  Divide  the  chain  into  10,  11,  and  12  parts,  and  we  obtain  the  double  metre, 
the  double  yard,  and  the  double  duodeciiTLal  unit.  The  metre,  the  yard,  and  the  duo- 
decimal unit  are  each  the  base  of  a  decimal  scale,  a  sysleme  iisuel,  and  a  duodecimal 
scale  respectively. 

That  is  the  theory  as  it  presented  itself  after  months  of  patient  digging  to  the 
author,  and  the  strangest  thing  about  it  is  the  extraordinary  way  in  which  the  British 
system  of  weights  and  measures  moulds  itself  into  perfect  shape  round  the  skeleton. 

The  author  here  quoted  a  number  of  instances  from  our  weights  and  measures 
in  support  of  the  above  theory,  specially  referring  to  the  Belgic  yard,  which,  he  said, 
had  been  in  existence  in  Britain  since  the  third  century  at  least.  Five  of  these  yards 
made  the  rod,  pole,  or  perch,  and  four  rods  (as  now)  the  chain. 

The  Belgic  yard  was  therefore  the  Anglo-Saxon  metre,  and  it  appears  to  have 
been  divided  both  decimally  and  into  three  Belgic  feet  and  36  Belgic  inches.  There 
was,  at  the  same  time,  a  true  yand  of  36  English  inches,  and  39-60  English  inches 
seem  to  have  madte  the  Belgic  yard.  It  should  be  noted  that  the  subdivision  of  the 
metre  into  three  metric  feet  and'  36  metric  inches  is  Napoleon's  systeme  usuel,  intro- 
duced into  France  in   1812  and  abolished  in   1837. 

We  still  employ  the  Belgic  yard  in  the  rocl,  pole,  or  perch  of  5,  the  chain  of  20, 
and  the  furlong  of  200  metres  (IBritish),  and  in  square  measure  in  the  rod  of  25,  the 
rood  of  1,000,  and  the  acre  of  4,000  square  metres  (British).  And  it  will  be  found 
that  every  British  unit  is  derived,  more  or  less  directly,  from  the  Belgic  yard,  which 
appears  indeed  to  have  been  the  common  metre  of  Europe  up  to  the  fifteenth  century, 
so  far  as  can  be  made  out  from  the  records. 

We  have  a  metric  ton,  in  the  common  British  ton  of  2,240  lbs.,  of  the  weight 
of  a  cubic  Belgic  yard  of  water,  at  or  very  near  the  maximum  density. 

Attention  is  invited  to  the  strange  resemblance  between  the  two  systems  : — 
Ancient  British  :  Metre,  39-6  in. ;  chain,  20  metres ;  ton,  cubic  metre. 
French  :  Metre,  39-37  in.  ;  chain,  20  metres;  ton,  cubic  metre, 
(of  water  at  or  near  maximum  density.) 

That  a  separate  duodecimal  scale  has  long  been  known  in  the  East  is  proved  bv 
the  existence  of  the  gudge  of  33  in.  and  its  144th  part,  the  jow,  in  India. 
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It  is  interesting  to  note  that  a  gudge  of  33  in.,  divided  duodecimally,  gives  us  a 
unit  of  12  avoirdupois  ounces,  and  finally  a  carat  of  3-04  grains,  and  a  lower  weight 
indistinguishable  in  practice  from  I  grain.  Compare  our  troy  weight  as  a  vestige  of 
the  duodecimal  scale  in  Britain. 

The  Decimal  Association  originally  took  the  hand  as  a  symbol  of  the  decimal 
system.  It  m,ay  also  be  regarded  as  a  symbol  of  the  perfect  system,  the  4,  8,  and  16 
*'  fingers,"  the  5,  10,  and  20  fingers  and  thumbs,  and  including  the  wrists,  6,  12,  and 
24,  representing  the  fractional,  the  decimal,  and  the  duodecimal  scales.  The  illustra- 
tion will  not  appear  puerile  to  those  who  are  acquainted  with  the  part  the  hand  plays 
in  Hindoo  mysticism  and  elsewhere. 

The  universal  prevalence  of  the  following  units  all  throug'h  the  world  is  very 
remarkable  : — ^Measures  approximating  to  a  half-metre,  a  foot,  and  a  bushel ;  and 
a  weight  approximating  to  a  pound.     Surely  this  is  more  than  a  coincidence? 

The  fact  that  the  foot  is  sometimes  the  third  of  a  metre  and  at  other  times 
nearly  the  English  foot  is  the  more  remarkable  when  Napoleon's  systeme  usuel  is 
remembered. 

The  well-known  human  necessity  for  being  able  to  work  in  complete  tens,  in 
fractions,  and  again  in  complete  twelves,  would,  perhaps,  account  for  a  set  of  three 
scales  in  any  other  science  than  that  of  weights  and  measures,  and  be  accepted  as 
sutficient  proof  of  the  Tripod. 

Why  should  the  Decimal  Association  complain  of  the  "  distracting  jumble  "  in 
British  weights  and  measures  but  for  an  instinctive  feeling  that  our  weights  and 
measures  should  be  employcxJ  with  method?  We  can  see  very  easily  now  what  has 
happened.  The  British  are  making  their  systeme  usuel  do  the  work  of  all  three 
scales,  and  are,  besides,  mixing  up  different  tables  and  also  decimals  with  fractions. 
Rods,  instead  of  being  dealt  with  as  5  metres,  are  reduced  tO'  i6i  ft. ;  bushels  are 
defined  in  pounds-weight ;  troj^-weight  is  occasionally  mixed  up  with  avoirdupois, 
feet  and  inches  with  links;  while  we  have  at  least  three  different  tons  in  common  use. 
In  the  cotton  trade  prices  are  given  in  pounds-weight  and  decimals  of  a  penny,  when 
sacks  (the  tenth  of  a  ton)  and  florins  (the  tenth  of  a  pound-sterling)  are  obviously 
the  best  units,  from  a  wholesale  weights  and  measures  point  of  view,  for  the  purpose. 
This  particular  abuse  has  crept  in  through  the  American  ton  and  the  cent,  and  no 
doubt  there  is  a  similar  reason  for  every  abuse  if  its  histor\'  could  be  ascertained. 

As  a  coincidence  of  importance,  taken  in  connection  with  the  above  remarks, 
please  note  the  anxious  care  bestowed  upon  the  purity  of  metric  units,  in  correct 
decimal  relationship,  in  France.  The  metric  system  would  break  down  in  a  decade 
if  subjected  to  the  abuses  put  upon  the  British  system,  which  has  only  survived 
through  its  superior  general  fitness  and  more  satisfactory  units.  "  It  is  usual  for 
building  surveyors  to  measure  brickwork  by  the  rod  and  convert  into  feet,  thus  giving 
themselves  unnecessary  trouble,"  says  Colonel  Sir  C.  M.  Watson  in  his  book.  A  rod 
is  5  metres  square — that  is,  198  in.  by  ig8  in.  The  Royal  Institute  of  British  Archi- 
tects lays  down  for  brickwork  four  courses  of  brick  and  four  joints  to  a  foot,  a  very 
inconvenient  figure — 66  complete  courses  to  a  rod  of  height.  Joints  in  brickwork  are 
very  thin,  and  might  be  made  wider  with  advantage.  Why  not,  employing  bricks 
of  the  present  dimensions,  run  60  courses  to  the  rod  of  height  and  20^  stretchers  and 
joints  to  the  rod  of  length?  The  quotients  are  3*3  and  g-66  in.  respvectively,  as  against 
3  and  9*25  in.  now.  The  regulations  at  present  are  not  labour-saving  (see  Moles- 
worth's  Pocket  Book,  26th  Edition,  pages  90  to  96).  The  rod  is  a  convenient  unit 
and  the  men  understand  it.  The  trouble  lies  in  the  mixing  up  of  two  sets  of  scales 
which  are  incompatible.  The  recognition  of  the  British  metre  would  reconcile  all 
difficulties.  There  should  be  a  builder's  rule  in  use  on  every  work — a  fiat  rule,  39-6  in. 
long,  divided  into  looths  on  one  face  and  into  inches  and  i6ths  on  the  other  face. 

It  seems  to  the  author  that  the  difference  between  the  French  and  British 
metres  represents  just  the  unbridgeable  gulf  between  capital  and  labour  in  this  country 
to-day.  You  cannot  stretch  39*37  to  39'6o.  Both  sides  must  adopt  a  common^  metre, 
and  since  the  educated  classes  suffer  least  by  a  change  of  this  kind,  the  selected  metre 
should  in  this  country  and  Empire  be  the  British  metre. 

The  author  hopes  that  in  the  above  he  has  proved  the  existence  of  the  tripod  in 
British  weights  and  measures,  and  that  there  is  very  good  reason  for  considering 
them  in  the  new  light.     The  present  position  is  best  explained  by  diagram  : — 
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British  System  British  jroy 
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The  two  practical  systems  to-clay,  A  and  B,  are  locked  in  deadly  conflict,  which 
in  the  light  of  the  tripod  appears  uncommonly  like  aggression  on  the  part  of  A.  If 
A  wins,  it  means  the  victon-  of  decimal  over  vulgar  fractions,  to  the  permanent  incon- 
venience and  hurt  of  many  millions  of  human  beings.  If  B  won,  however,  nobody 
would  be  hurt,  because  decimalists  would  still  be  free  to  employ  decimals,  and  might 
legally  employ  the  British  land  system  and  corresponding  decimal  weights  and  mea- 
sures for  a  great  many  vital  purposes.  They  would  not  be  prevented  from  employing 
decimals  in  the  systeme  usuet. 

The  British  seem  to  have  retained  the  correct  international  metre,  having 
departed  ver\-  little  from  the  true  length.  But  there  is  little  doubt  that  both  French 
and  British  systems,  and  their  systemes  usiiels,  are  derived  directly  from  the  ancient 
Tripod.  The  quesition  now  is  how  to  reconcile  metre  and  yard  in  an  "  Entente 
cordiale." 

As  definite  points  to  place  before  tlhe  meeting  the  author  asks  : — 

(a)  Is  it  possible  to  restrict  the  use  of  the  metric  system  as  an  international 
standard  for  pure  science  ? 

(b)  Is  it  possible  to  make  the  British  decimal  system  (as  shown  in  the  preced- 
ing paper)  the  international  standard  for  trade,  commerce,  and  engineering — that  is, 
for   applied  science? 

(r)  Ought  not  the  British  systeme  usiiel  be  permitted,  bv  international  agreement, 
respectful  treatment  by  other  nations,  to  be  legally  used  as  desired  in  any  foreign 
country,  even  a  metric  country,  by  arrangement  between  contracting  parties?  This 
seems  to  be  bare  reciprocity  in  return  for  the  legal  recognition  of  the  metric  system 
in  the  British  Empire. 

(d)  The  question  of  an  international  currency  is  outside  the  range  of  practical 
politics  at  present.  But  it  may  be  remarked  that,  with  the  introduction  of  a  metre 
of  39-6  in.  in  trade,  commerce,  and  engineering,  there  is  no  reason  why  there  should 
not  be  one  coin  (of  about  the  value  of  two  shillings  in  every  country)  of  standard 
and  equal  weight  and  fineness,  to  be  minted  and  used  in  every  nation,  even  if  it  is 
not   internationally   current. 

DISCUSSION. 

The  President  said  Mr.  Phillips  was  an  enthusiast  on  the  subject  of  British  weights  and 
measures.  He  had  suggested  that  they  should  confine  their  discussion  to  throwing  fresh  light 
on  the  British  Tripiod  system,  and  leaving  the  French  metric  system  out  of  the  question 
altogether,  but  he  did  not  know  whether  they  all  wanted  to  do  that ;  perhaps  it  would  be  their 
pleasure  to  hear  something  of  the  other  side. 

Afr.  Bwart  S.  Andrews,  B.Sc,  remarked  that  the  argument  ppt  forward  in  the  Paper  had 
not  convinced  him  in  the  least  that  the  metric  system  or  the  decimal  system  was  not  in  every 
respect  preferable  to  the  system  which  they  had  in  this  aountry.  The  victory  of  the  vulgar 
fraction  system  over  the  decimal  system  would  be  to  tlie  permanent  inconvenience  of  many 
millions  of  human  beings  and  therefore  he  was  strongly  opposed  to  it  becoming  universal. 
The  whole  reason  why  they  found  it  difficult  tiO  appreciate  the  decimal  system  in  this  country 
was  tliat  they  had  inherited  generations  of  upbringing  on  the  fractional.  That  was  the  prin- 
cipal cause  of  the  difficulty,  and  he  believed  it  was  one  of  the  great  causes  why  people  like 
himself,  to  whom  had  been  eaitrusted  the  difficult  task  of  educating  engineers,  found  that 
enguieering   students   were   very   often   backward    in   calculations   and    in   mathematical   reason- 
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ing.  Most  English  people,  even  if  thej-  understood  decimals,  did  not  think  in  them,  and 
the  beating  of  the  democratic  drum  which  they  found  so  strong  in  the  Paper  was  merely  an 
attempt  to  hide  their  heads  in  a  sack.  As  an  optimist,  it  seemed  to  him  a  hopeless  policy  that 
because  generations  had  wallowed  in  ignorance  they  were  to  follow  in  their  steps.  They 
ought  lo  benefit  by  the  wisdom  of  the  ancients,  but  they  ought  not  slavishly  to  follow  their 
errors,  and  he  was  absolutely  convinced  that  the  decimal  system  was  the  one  upon  which  the 
greatest  national  efficiency  could  be  based.  He  had  no  objection  to  the  adoption  of  the 
metric  system  ;  he  was  not  keenly  in  favour  of  it,  but  it  was  in  use  over  a  very  fair  area  of  the 
world,  and  he  thought  it  would  be  very  well  if  they  gradually  educated  themselves  into  -its 
use.  He  wanted  to  try  and  nail  to  the  mast  the  idea  that  they  must  have  a  system  which  should 
be  based  upon  it. 

Mr.  George  Moores.  F.S.S.  (Secretary  of  the  British  Weights  and  Measures  Association, 
and  representing  the  American  Institute  of  Weights  and  Measures),  confessed  that  at  one  time 
he  was  a  decimal  man  and  lectured  in  favour  of  the  decimal  system  and  of  the  metric  system, 
but  after  travelling  a  great  deal  in  America  and  Continental  countries  he  became  convinced 
that  the  English  and  American  system  was  preferable  for  general  engineering  purposes  and 
for  general  manufacturing  purposes.  Why  did  they  go  on  turning  out  the  best  engineers, 
why  had  England  the  greatest  export  .trade  in  the  world,  and  kept  on  increasing  it  faster  than 
any  other  country,  and  why  did  they  keep  abreast  of  aJl  the  improvements  and  all  the  progress- 
that  other  nations  were  making?  The  answer  was  simply  that  there  was  something  in  the 
British  weights  and  measures  which  was  not  perhaps  obvious,  but  was  found  out  by  the  man 
when  he  began  to  do  things.  They  must  have  in  this  country  that  system  which  would  enable 
them  to  do  work  of  the  highest  possible  character  at  the  least  possible  expense  and  in  the 
least  possible  time.  They  did  not  object  to  the  use  of  decimals  where  decimals  were  better 
than  any  other  kind  of  fractions  for  calculating  by,  but  they  objected  to  being  tied  down  to 
the  use  of  decimals  when  other  divisions  suited  the  purpose  in  hand  better. 

Mr.  W.  A.  Oreea,  M.A.,  B.Sc,  was  not  convinced  that  they  should  be  better  as  tripod 
creatures.  Standardisation  was  a  very  valuable  thing,  and  if  they  could  get  a  universal 
standard  in  measures  it  would  undoubtedly  be  very  e.xcellent.  The  question  was  what 
standard  could  they  adopt.  Mr.  Phillips  would  like  them  to  adopt  his  tripod  standard.  He 
did  not  think  they  would  get  any  forwarder  by  it.  It  was  far  too  complicated.  As  Britishers 
they  ought  to  be  able  to  tackle  anything,  ,and,  if  they  were  to  have  a  standard,  do  not  let  them 
say  that  they  were  unable  to  adopt  other  standards ;  it  was  highly  improbable  that  other 
people  would  adopt  their  standards. 

Mr.  E.  McLeaa  Gibson,  as  a  North  Country  engineer  who  had  met  quite  a  number  of 
junior  technical  students,  said  his  experience  was  that  the  boys  of  14  attending  secondary  and 
technical  schools  not  only  (understood  decimals  thoroughly,  but,  he  might  almost  say,  thought 
in  logarithms.  They  immediately  turned  things  into  logs  if  they  wanted  a  square  root  of  any- 
thing, and  he  should  say  they  were  quite  capable  of  doing  anything  in  a  mathematical 
manner. 

Mr.  H.  Kemptoa  Dyaon  remarked  that  there  were  two  systems  in  vogue  by  which  most  of 
the  trade  of  the  world  was  done,  namely,  the  metric,  which  was  the  Continental  system,  and 
the  British,  which  was  adopted  by  Great  Britain,  her  colonies,  and  America.  It  was  true  that 
the  greater  part  of  the  work  was  done  by  Great  Britain  and  America,  and  therefore  it  might 
be  argued  that,  instead  of  advocating  that  we  should  adopt  the  Continental  system,  the\'  should 
adopt  the  British,  but  it  would  not  be  quite  a  practical  thing  to  suggest  that.  He  thought  the 
practical  thing  was  to  do  what  Mr.  Phillips  had  done,  so  that  by  only  adding  one  unit  to  liieir 
system  they  could  find  a  via  media  to  reconcile  the  Continen'.al  with  our  own. 

Mr.  PbllUps,  in  replying,  said  the  great  point  of  his  theory  was  that  it  showed  them  how 
they  could  serve  the  interests  of  every  man  which  decimals  did  not  do.  With  decimal 
fractions  they  were  trying  to  force  everybody,  which  he  said  was  wrong,  wicked,  and  not 
democratic.  True  democracy  was  to  give  every  man  his  chance.  The  on'y  reason  why  they 
had  gone  mad  over  decimals  was  because  they  could  write  them  in  two  ways,  and  they  looked 
so  astonishingly  clever.  They  were  not  clever;  they  were  just  vulgar  fractions  and  no  more. 
If  they  wanted  to  do  the  right  thing  by  humanity,  they  had  to  provide  a  system  which  would 
suit  all  men.  If  they  did  not  do  that  it  was  an  utter  failure  and  woaild  lead  to  a  fresh  war 
by  and  by. 
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Memoranda  and  Nexus  Items  afc  presented  under  this  heading,  'with  occasional  editorial 
comment.     Authentic  netvs  ivill  be  ivelcome. — ED. 


Institution  of  Civil  Engineers. — On  January  2nd  the  Institution  of  Civil 
Engineers  completed  the  hundredth  year  of  its  existence,  having  been  established  in 
1818  at  a  meeting  of  eight  engineers  at  the  Kendal  Coffee  House  in  Fleet  Street. 
A  statement  commemorative  of  the  founding  of  the  Institution  on  January  2nd,  1818, 
was  made,  present  conditions  precluding  more  formal  celebration  of  the  centenary. 

The  Council  of  the  Institution  of  Civil  Engineers  have  resolved  that  its  examina- 
tion in  engineering  drawing,  bills  of  quantities  and  elementary  knowledge  of  specifica- 
tions, which  is  at  present  an  optional  subject,  shall  be,  after  January  ist,  19 19, 
obligatory  for  all  candidates  for  Associate  Membership.  The  examination  is  intended 
to  be  a  suitable  test  of  the  knowledge  and  skill  which  should  be  acquired  during 
the  requisite  training  in  engineering'  offices,  and  will  apply  to  the  several  main 
departments  of  practice.  The  tests  in  drawing  and  quantities  may  be  conducted 
in  part  by  means  of  the  production  of  drawings  and  quantities  which  have  been 
prepared  by  candidates  under  their  employers  and  teachers.  Students  of  the  institu- 
tion may  be  allowed  to  take  the  examination  prior  to  the  time  at  which  they  become 
candidates  for  election  as  Associate  Members. 

Tunnel  Work  in  Buenos  Aires. — At  a  recent  meeting  of  the  Institution  of 
Civil  Engineers  Mr.  \\  .  L.  Brown,  who  acted  as  the  engineer  for  the  Buenos 
Aires  Western  Railway  Co.,  read  an  interesting'  paper  regarding  two  tunnels  built 
under   the   City  of  Buenos  Aires   for   the   above-named  company. 

The  works  consist  of  a  concrete-lined,  single-track  tunnel,  three  miles  long, 
running  under  the  central  part  of  the  city  and  giving  the  railway  companj'  a  direct 
connection  for  goods  traffic  only  between  their  main  line  and  the  port ;  and  of  a 
concrete-lined,  double-track  tunnel  about  two-thirds  of  a  mile  in  length,  which  leaves 
the  main  line  just  outside  the  terminal  station,  and  brings  suburban  passeng'ers 
to  a  joint  underground  interchange  station,  where  by  simply  walking  across  the 
platform  the}'  can  join  the  tramway  company's  underground  cars  running  into  the 
heart  of  the  cit\'. 

The  goods  tunnel  leaves  the  main  line  on  the  north  side  about  one  kilometre 
outside  the  terminus.  The  ruling  gradient  opposed  to  the  heavy  traffic  to  the  port 
is  I  in  62,  equivalent  to  about  i  in  55  when  allowance  is  made  for  the  curve  of 
175  chains  radius.  This  gradient  was  the  best  possible  under  the  conditions  and  is 
barely  a  train-length ;  otherwise  the  steepest  gradient  opposed  to  heavv  traffic  is  i 
in  100.  In  the  opposite  direction  the  ruling'  gradient  is  i  in  67,  equivalent  to  about 
I  in  60  if  allowance  be  made  for  the  20  chains'  radius  curve. 

The  design  adopted  for  the  goods  tunnel  is  a  horseshoe-shaped  mass-concrete 
lining,  1  ft.  8  in.  thick,  large  enoug-h  to  accommodate  the  standard  Argentine  broad- 
g'auge  (5  ft.  6  in.)  railway,  the  construction  gaug-e  of  which  is  15  ft.  10  in.  hig-h  and 
13ft.  9  in.  wide.  A  cast-iron  lining  was  considered,  but  was  rejected  on  account 
of  cost.     The  design  for  the  passenger  tunnel  was  also  a  niass-concrete  lining. 

The   subsoil    through    which    the   tunnels   have   been  constructed    is    almost    ideal 

for    tunnelling    operations;     it    is    easy     to     "get,"     will    stand     untimbered    almost 

indefinitely  without  showing  any  signs  of  movement,  and  will   not  disinteg'rate  even 

on  the  surface,   if  not  exposed   to   the  weather.     The  earth,   called    ticrra   pampeava. 
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somewhat  resembles  a  clayey  marl,  but  does  not  appear  to  have  any  of  the 
treacherous  qualities  of  clay  or  marl.  In  fact,  it  is  more  like  a  soft  rock  than 
anything  else.  It  is  customary  to  excavate  for  a  depth  of  25  ft.  or  more  with  a 
vertical  face  immediately  alongside  existing  buildings,  and  although  the  buildings 
rhemselves  are  usually  supported  by  soir.e  very  light  shoring,  the  excavation  itself 
is  timbered  onlv  in  exceptional  circumstances.  In  constructing  sewers,  also,  it  is 
a  common  practice  to  dig  a  narrow  trench  to  about  the  level  of  the  sewer  and  then 
to  widen  out,  and  this  without  using  any  timbering.  The  only  point  where  ground 
of  a  different  nature  was  found  was  under  the  gardens  near  the  port,  where  there 
was  a  length  of  about  650  ft.  of  made  ground,  consisting  of  mud  dredged  from  the 
river  at  the  time  the  dc>cks  were  built.  This  is  of  very  unstable  nature,  but  when 
the  work  was  started  there  w^as  no  idea  that  any  structure  would  have  to  be  built 
at  that  point,  and  it  was  only  when  the  railway  company  were  obliged  to  cover  in 
the  approach  there,  instead  of  building  the  line  on  the  surface,  that  difficulties  with 
this  ground  had  to  be  considered.  The  covered-way  section  w^as,  for  the  greater 
part  of  its  length,  built  on  a  floating  foundation.  It  consists  of  a  heavy  concrete 
invert  supporting  two  vertical  brick  walls  and  covered  by  a  roof  consisting  of  steel 
beams  and  concrete  jack  arches.  It  was  originally  intended  to  continue  the  floating 
foundation  to  the  tunnel  mouth,  where  the  filling-  ends  with  a  retaining  wall  about 
20  ft.  high,  and  to  ensure  the  stability  at  the  outer  end  of  the  fill  by  confining  the 
made  ground  within  sheet  piling;  but,  as  the  material  at  Chat  point  proved  con- 
siderably softer  than  the  trial  piles  had  indicated,  it  was  decided  to  carry  about 
41  yards  of  the  covered  way  and  the  whole  of  the  retaining  wall  on  reinforced 
concrete  piles  driven  down  to  'the  solid  ground  below.  A  slip  joint  was  left  in 
the  walls,  between  the  section  carried  on  piles  and  that  with  a  floating  foundation, 
to  allow  for  settlement  in  the  latter.  The  settlement  w^as  rather  greater  than  was 
expected,  and  continued  for  about  ten  months,  the  average  amount  being-  about  two 
inches. — Times    Engineering   Supplement. 

Concrete  for  Churches. — An  interesting  example  of  concrete  in  this  connection 
is  to  be  found  in  the  Cathedral  of  Tunis,  which  was  recently  completed,  by  putting 
on    two  high   belfries   in    reinforced    concrete. 

Building-Stone  Testing:  ^The  United  States  Bureau  of  Standards  has  installed 
an  ingenious  form  of  apparatus  to  test  the  effects  of  freezing  and  thawing  upon 
building  stones.  It  is  well  know-n  that  all  kinds  of  stone,  slate,  brick,  concrete, 
etc.,  will  disintegrate  in  time  when  exposed  to  the  action  of  frost,  es}>ecially  in 
humid  climates  like  that  of  the  Eastern  United  States.  This  action  is  due  to  the 
freezing  and  subsequent  expansion  of  the  water  held  in  the  pores  of  the  material. 
As  it  is  very  desirable  to  ascertain  the  merits  of  different  building  materials  as 
reg-ards  their  susceptibility  to  such  damage,  many  tests  have  been  made  with  this 
object  in  view.  The  apparatus  installed  by  the  Bureau  is  of  its  own  design  and  is 
very  rapid  in  operation.  A  charge  of  stone,  concrete,  or  other  material  will  be 
automatically  moved  back  and  forth  from  a  freezing  chamber  to  a  thawing  one 
at  the  intervals  required  to  congeal  the  contained  moisture  completely  and  thaw 
it,  and  it  is  expectetl  that  80  to  100  freezings  will  be  made  in  a  single  day,  as  com- 
pared with  the  period  of  several  weeks  formerly  required.  It  vir'iU  thus  be  possible 
to  determine  definitely  the  number  of  freezings  required  to  produce  any  desired 
degree  of  disintegration,  and  w-ith  this  information  to  predict  the  approximate  length 
of  service  a  given  grade  and  kind  of  material  will  give  in  a  specified  locality. — Times. 

Chalk  Concrete.  —  We  give  below  some  interesting  notes  as  to  the  use  of  chalk 
as  an  aggregate.  This  material  is  not  generally  advocated,  as  in  the  opinion  of 
many  it  is  apt  to  weatner  badly,  especially  when  obtained  from  some  formations. 
Special  care  is  required  in  its  selection  and  execution.  The  work  here  described, 
however,  appears  to  indicate  that  chalk  as  an  aggregate  has  some  possibilities  for 
farm   work. 

The  illustrations  are  of  an  old  implement  shed,  which  had  the  merit  of  possessing 
a  moderately  good  roof  when  war  broke  out.  The  decaying  posts  supporting  the 
roof  were  replaced  with  stout  chestnut  poles  from  the  adjoining  woods.  All  that 
was  necessar}'  then  to  convert  this  implement  shed  into  a  shed  for  twenty  cows 
was  a  good  front  and  floor.  The  front  was  successfully,  if  roughly,  formed  of  chalk 
concrete   half    way    up,    finishing    up    with    weatherboard    and    sashes,    as    illustrated. 
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lower  speed. 

All  sizes  in  stock  and  progress. 
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Continuous  mangers  were  cast  on  lo  the  inside  of  the  wall  over  a  collapsible  mould 
forming  about  three-fifths  of  a  circle.  All  the  chalk  concrete  inside  was  fined  over 
with  sharp  sand,  but  the  outside  seemed  fairly  satisfactory,  so  this  was  left  (apart 
from  a  little  pointini:,^)  unfaced  as  an  experiment.     The  forefeet  of  the  cows  stand  on 


rammed    chalk,    but    the  hind   feet    stand    on    a    shelf   of   chalk    concrete    with    a   deep 
sloping  gutter  behind. 

Iliere  is  the  usual  raised  gangv.-ay  behind  the  cows,   the  whole  floor  being  faced 
over   with    sharp   sand  and   cement. 
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A  dairv  was  formed  in  the  north  side  of  the  bank,  the  floor  walls  and  roof 
being-  of  this  material,  the  concrete  on  the  latter  acting  as  a  cover  to  curved  corrugated 
sheets  resting  on  tee  irons,  while  sundry  shed  walls  have  been  erected  with  iron 
stanchions  to  carrj-  rails  and  boarding  for  the  upper  part. 

Chalk  cement  takes  a  long  while  "to  go  off,"  so  frost  catches  work  that  is 
not  properly  protected  if  it  is  cast  too  late  in  the  year.  Once  it  is  properly  dry  frost 
does  not  seem  to  effect  even  the  exposed  nodules  of  chalk. 

A  grains  pit  is  shown  beyond  the  cowshed  in  one  illustration. 

We  are  indebted  to  Mr.  W.  Cobbett  Barker,  of  Rochester,  for  our  illustra- 
tions and  the  description  of  same. 

House  Numbers  Moulded  in  Concrete  Blocks.  — A  novel  way  of  indicating 
house  numbers  has  been  adopted  in  Pasadena,  California.  Concrete  blocks  are 
utilised  in  which  the  num^bers  are  moulded.  These  are  set  out  on  the  edge  of  the 
curb,  so  that  he  who  runs  (in  an  automobile)  may  read  without  getting;  out  of  his 
car  and  walking  up  to  the  house  to  find  out  whether  it  is  the  place  he  is  looking 
for  or  not.  The  blocks  are  only  4  in.  by  7  in.  face  surface,  with  triangular  sides 
that  slope  back  from  the  street. 

Concrete  Stone  Festoons. — In  Concrete,  U.S.A..  Mr.  R.  F.  Havlik  writes  as 
follows  : — 

"  The  use  of  concrete  festoons  on  buildings  is  new.  In  almost  all  instances 
when  anything  of  the  kind  is  wanted  it  is  carved  out  of  a  block  of  stone,  the  block 
being  larger  than  the  ornament.  In  this  case,  however,  the  stone  was  made  the 
same  size  as  the  ornament,  so  that  nothing  but  the  ornament  shows.  The  stone 
is  set  into  the  brickwork,  the  brickwork  being  fitted  to  the  ornament.  Festoons 
of  concrete  have  been  used  on  a  large  hotel  in  Chicago." 
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EDITORIAL  NOTES, 


THE  FUTURE  OF   REINFORCED  CONCRETE. 

The  probable  future  of  reinforced  concrete  construction  is  discussed  in  the 
issue  of  Beton  und  Eisen  for  January  5th  of  this  year,  iind  although  the  views 
expressed  in  the  article  have  reference  to  the  conditions  which  are  expected 
lo  p'-evail  in  Germany  after  the  close  of  the  w-ar,  they  have  a  certain  interest 
also  for  British  readers.  According-  to  this  writer,  the  industry  in  Germany  at 
present  is  in  a  fairly  flourishing  condition,  the  stoppage  of  building  w^hich 
followed  immediately  on  the  outbreak  of  war  having  been  followed  by  a  great 
demand  for  construction  for  military  purposes  as  well  as  in  occupied  territories, 
so  that  many  contracting  firms  have  improved  their  financial  position,  and  in 
some  cases  recovered  from  losses  incurred  at  the  outbreak  of  the  war.  In  view, 
however,  of  the  probable  severe  competition  to  be  faced  when  peace  is  declared, 
the  writer  urges  the  necessity  of  removing  all  existing  prejudices  against  re- 
inforced concrete  construction  and  the  adoption  of  precautions  against  the  occur- 
rence of  any  incidents  which  would  tend  to  destroy  public  confidence.  For  this 
reason  it  is  essential  that  the  fullest  enquiry  should  be  made  into  the  causes  of  the 
occasional  failures  which  occur,  and  vvhich  are  apt  to  attract  an  undue  amount 
of  attention.  Reference  is  made  to  certain  German  bridges  which  developed 
defects,  and  it  is  stated  that  investigation  has  shown  defective  workmanship 
to  iiave  been  largely  responsible.  This  leads  up  to  a  discussion  of  the  means 
of  avoiding  such  occurrences  in  the  future.  Competition  for  contra.cts  is  held 
to  have  brought  about  a  deterioration  of  workmanship  in  some  cases,  contracts 
being  accepted' at  such  low  prices  that  the  temptation  is  strong  to  save  in 
material  what  has  been  lost  in  making  the  estimate.  Since  the  existence  of 
severe  competition  is  inevitable  in  present  circumstances,  other  measures  are 
necessary  in  order  to  save  the  public  from  such  undesirable  consequences. 

The  only  method  which  appears  to  the  writer  of  the  article  to  promise 
success  is  that  of  rigid  control  and  inspection  of  all  reinforced  concrete  work 
during  construction.  Unlike  steel  and  similar  structural  work,  concrete  is  not 
made  in  a  factory  and  then  transported  to  the  place  of  use  for  erection  there, 
but  is  made  in  situ,  often  under  unfavourable  conditions  of  place  and  weather. 
This  renders  it  inevitable  that  much  shall  be  left  to  the  conscientiousness  of  the 
local  contractor,  especially  when  the  scale  of  the  job  is  small.  Large  under- 
takings are  generally  placed  under  the  continual  supervision  of  an  expert 
inspector,  but  this  is  not  possible  in  the  case  of  small  contracts,  whilst  it  is 
precisely  in  such  work  that  the  need  of  careful  supervision  is  greatest.  Large 
firms  of  contractors^  such  as  are  usuallv  engaged  in  the  construction  of  heavy 
buildings  or  engineering  works,   have  both  the  sense  of  responsibility  and  the 
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experience  which  are  needed  to  preserv-e  them  from  the  principal  dangers 
alluded  to,  and  .are  in  the  habit  of  maintaining-  a  constant  supervision  even 
when  this  is  not  enforced  by  regulation.  The  most  frequent  failures  are  said 
to  occur  in  structures  which  do  not  require  special  care  or  skill,  and  have  the 
character  of  repetition  work,  such  as  floors.  It  is  said  that  this  branch  of 
reinforced  concrete  construction  has  become  so  little  profitijble  in  Germany  as 
tx)  have  been  abandoned  by  some  of  the  largest  firms  and  left  to  small  con- 
tractors, to  whom  the  temptation  to  sav€  by  sparing  material,  using  leaner 
mixtures,  etc.,  is  greatest. 

The  writer  of  the  article  proposes  a  considerable  extension  of  the  system 
of  official  inspection  and  control.  The  larger  towns  already  possess  a  skilled 
inspectorate,  adequately  trained  in  statical  methods  and  in  the  practical  execu- 
tion of  the  work.  It  now  remains  to  build  up  from  this  nucleus  a  staff  of  expert 
vingineers  cJiarged  with  the  general  supervision  of  reinforced  concrete  construc- 
tion in  town  and  country.  The  contractors  in  each  district  would  become 
knowm,  and  note  would  be  taken  of  any  who  had  to  be  warned  several  times  on 
account  of  defective  execution  of  work,  repeated  irregularities  leading  to 
exclusion  of  the  firm  in  question  from  the  right  to  undertake  construction  of  the 
kind.  Since  great  responsibilities  would  be  placed  on  the  shoulders  of  the 
inspectors,  the  greatest  care  would  have  to  be  taken  that  they  were  selected 
from  men  of  adequate  theoretical  training  and  practical  experience. 

The  conditions  Avhich   prevail    in   this    country   are   not  entirely  similar  to 
those  in  Germanv,  but  the  conclusions  reached  are  nevertheless  of  some  interest 
to  British  readers.      The  German  plan  of  throwing  responsibility  on  to  an  army 
of   Government  officials   is   not  likely   to  find   much  favour  here,  and   a  reform 
of   the    industrA-    from    within    promises    better  results.      Fortunately,   cases    of 
serious  failure  or  scandalous  neglect  of  precautions  have  been  exceedingly  rare 
in  Great  Britain,  but  few  will  deny  that  there  is  room  for  improvement  in  many 
directions.     The   evils   of  cut-throat  competition  have  been   remarked    here   as 
elsewhere,  whilst  it  is  certain  that  a  knowledge  of  the  special  characters  of  fhe 
materials  and  of  the  statical  principles  involved  in  either  building  or  engineering 
<:x>nstruction  is  not  as  widely  diffused  as  is   desirable.      Better  organisation   of 
the   Industry   is   required   as   well   as  greater  opportunities  for  the   systematic 
training,  both  in  theory  and  practice,  of  the  staffs  to  be  charged  with  the  super- 
vision  and    execution   of   the   work.     Above    all,   research  work  in   reinforced 
concrete  needs  to  be  undertaken  in  a  systematic  fashion  and  machinery  devised 
for  making  the  results  of  such  investigations  known  to  and  understood  by  those 
persons    who    are    concerned    with    the   material   as    designers,    contractors,   or 
users.     The  work  now  in  hand  under  the  auspices  of  the  Concrete  Institute  and 
the  tests  undertaken  bv  the  British  Fire  Prevention  Committee  are  both  a  step 
in  the  right  direction.      It  is  to  be  hoped  that  such  investigations  will  receive 
encouragement    from    the   authorities    interested    in    research,    in    conservation, 
and   in   reconstructicn.      But   the   results  of   such   investigations   should  not   be 
hidden  during  their  progress.      Interim  reports  should  be  Issued,  and  any  useful 
information  circulated  at  the  earliest  moment  among  those  primarily  concerned, 
without,  however,  such  publicity  being  accorded  to  important  discoveries  or  to 
methods  of  enquin.-  that  might  be  helpful  to  the  enemy,  whose  journal  we  refer 
to  above. 
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RECENT  CONCRETE  BLOCK  CONSTRUCTIONS. 


SOME  RECENT  CONCRETE 
BLOCK  CONSTRUCTIONS. 


During  the  past  few  vears  the  need  for  the  erection  of  an  unprecedented  number 
of  buildings  in  a  relatively  short  time  has  led  to  many  novel  forms  of  construc- 
tion and  also  to  the  introduction  and  widespread  use  of  many  materials  that 
have  hitherto  been  dismissed  as  suitable  only  for  the  meanest  class  of  building. 

To-day  the  opinion  is  widely  expressed  that  the  use  of  many  of  these 
materials  has  been  a  mistake,  and,  to  take  one  example  only,  it  is  certain  that 
if  concrete  had  been  more  generallv  used  in  place  of  timber  a  great  initial  saving 
would  have  been  made,  not  to  mention  the  maintenance  charges.  Another 
point  to  bear  in  mind  is-,  the  fire-resistance  of  concrete  in  comparison  with 
timber.  These  considerations  are  highly  important,  especially  if  the  need  for 
the  buildings  should  continue  for  several  years  longer. 

On  the  completion  of  hostilities  another  period  of  intensive  building  will 
at  once  begin,  for  thousands  of  houses  must  be  rapidly  erected  for  the  men 
back  from  the  Front,  and  alterations  to  industrial  buildings  and  works  that  have 
been  held  up  for  a  time  will  also  absorb  vast  quantities  of  building  material. 

Beyond  this,  however,  the  inevitable  congestion  of  traflfic  and  the  difficulties 
of  transport  will  play  their  part ;  and  if,  therefore,  some  method  of  construction 
can  be  used  in  which  the  transportation  of  the  raw  material  is  smcall  in  com- 
parison to  the  labour  'equired,  the  peril  of  a  famine  of  constructive  materials 
will  have  been  greatly  averted. 

It  must  also  be  remembered  that  when  demobilisation  o<_-curs  much  surplus 
man  power  will  l^e  available,  and  such  semi-skilled  labour  can  be  profitably  and 
wisely  employed  in  concrete  constructions  until  the  needs  of  our  complex  civilisa- 
tion are  somewhat  adjusted. 

There  is,  however,  no  reason  why  the  construction  of  houses,  farm  buildings 
and  factory  and  engineering  structures  should  inevitably  be  of  brick  construc- 
tion, for  in  many  districts  where  sand  and  gravel  suitable  for  the  aggregate  are 
to  hand  or  close  to  the  site,  construction  in  concrete  will  pro\  e  to  be  the 
cheapest  method  of  building. 

We  have  therefore  great  pleasure  in  illustrating  the  following  buildings 
whioli  have  lately  been  constructed  of  concrete  blocks,  and  which  have  given 
great  satisfaction  to  all  tx)nn:ected  with  their  erection  and  uses. 

Fiij^s.  I  to  5  show  some  of  the  buildings  forming  part  of  a  large  military 
establishment,  and,  whilst  of  light  construction  that  can  be  rapidly  erected,  they 
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Fig.  1.     Plans.    Sections,  Elevations. 


Fig.  2.     Details  of  Construction. 
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RECENT  CONCRETE  BLOCK  CONSTRUCTIONS. 


possess  the  elements  of  durability  and  good  appearance.  Fi^.  4  shows  the 
interior  of  a  hospital  hut.  As  will  be  seen,  the  walls  were  not  plastered,  but 
merely  colour-washed,  which  g-ives  a  pleasing-  and  sanitary  finish  to  the 
building. 

As  will  be  seen  from  Figs,   i  and  2,  the  whole  construction  is  standardised, 
and  to  give  greater  stability  the  corner  blocks  and  the  piers  spaced  at  regular 
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Fig.  3.     Recent  Conxrete  Block  Buildings. 


Interior  of. a  Hospit.^l  Hut. 


intervals  .along  side  and  end  walls  are  moulded  hoJlow  and  threaded  o\er  ordinary 
reinforcing  rods,  where  such  reinforcement  is  necessary. 

Concrete  is  then  filled  in,  and  thus  the  whole  framing  of  the  building  is  of 
reinforced  concrete  carried  out  without  the  necessity  of  timber  shuttering  or 
false  work  and  the  use  of  skilled  carpenters. 
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Recent  Conxretk  Block  Building. 


Fr..   6.      S(_)Mi-.   Col  1  < 
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RECENT  CONCRETE  BLOCK  CONSTRUCTIONS. 


Special  blocks  are  formed  for  the  fireplaces  and  chimneys,  and  the  patentees 
claim  that  sing^le-stor\'  building's,  60  ft.  by  20  ft.,  have  been  erected  in  lots  of 
fifty  and  upwards  at  the  rate  of  one  per  day. 

The  wall  fillings  between  piers  are  also  of  standard  size  slabs,  and  it  will 
be  readily  realised  that  "  Unit  "  construction  of  this  type  lends  itself  to 
economical  and  rapid  constructions. 

Fig.  6  shows  part  of  a  housing  scheme  which  is  being  carried  out  at  Chep- 
stow (Mon.)  for  a  shipbuilding  and  engineering  firm  from  the  designs  of  Messrs. 
Dunn,  Watson  and  Curtis  Green,  of  35,  Lincoln's  Inn  Fields. 

The  clients  have  shown  the  most  commendable  spirit  in  this  scheme,  as 
they  have  spared  no  effort  to  make  the  cottages  models  of  good  building-,  with 
ample  accommodation  ajid  artistic  appearance. 

The  site  is  a  very  picturesque  one,  in  a  valley  outside  the  ancient  walls  of 
the  town,  and  as  the  contours  of  the  ground  are  very  irregular,  the  design 
of  each  block  has  been  varied  to  suit  its  particular  position;  while  the  prospect 
and  aspect  have  been  carefully  studied  in  each  case. 

The  difficulty  of  getting  bricks,  and  the  presence  of  good  material  on  the 
site  as  an  aggregate  for  concrete  led  to  the  adoption  of  the  "  W'ing^et  "  concrete 
block  system  for  all  walls  and  partitions.  The  general  texture  and  colour  of 
these  external  walls  is  very  pleasing,  and  the  effect,  when  seen,  would  remove 
the  prejudice  that  exists  among-  m^any  designers  against  the  appearance  of 
concrete  as  an  exposed  surface.  External  walls  are  constructed  as  cavity  walls 
with  two  thicknesses  of  4-in.  blocks,  having  a  3-in.  space  between,  and  iron 
ties  as  usual. 

The  accommodation  varies  in  each  house,  but  in  those  illustraied  there  are 
in  each  of  the  five  houses  in  the  block  a  parlour,  three  bedrooms,  kitchen, 
scullery,  bathroom,  fuel  store,  larder,  and  front  and  back  porches.  The  backs 
of  the  houses  have  been  studied  as  much  as  the  front,  and  the  effect  is  equally 
pleasing.  The  roofing  is  of  sand-faced  tiles  with  swept  valleys  and  plain  roll 
ridges. 
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PROBLEMS  IN  THE  THEORY  I 
OF  CONSTRUCTION. 

THE    STRENGTH 
OF    PILLARS. 


By  EWART  S.  ANDREWS,  B.Sc,  Eng.;  M.C.I. 

Introductory  :  Rulers  Formula. — The  problem  of  the  strength  of  pillars 
has  been  attacked  by  hundreds  of  investigators  since  Euler  first  derived  the 
formula;  which  bear  his  name,  and  which  have  been  very  widely  misunderstood. 
Euler's  formula  is  the  result  of  a  mathematical  analysis,  which  assumes  that  a 
pillar,  initially  straight  and  centrally  loaded,  becomes  bent  due  to  some  accidental 
cause,  and  then  proceeds  to  calculate  the  load  necessary  to  produce  a  deflected 
form  due  to  bending  moments  only  which  agrees  with  the  deflected  form  assumed. 
The  solution  of  the  resulting  different'al  equation  gives  the  strange  result  that 
this  critical  load  is  independent  of  the  accidental  deflection  assumed  ;  this  means 
that  if  the  load  carried  by  the  pillar  is  less  than  the  critical  load,  the  pillar  will 
resume  its  straight  form  when  the  accidental  deflecting  cause  is  removed,  but 
that  if  the  load  is  not  less  than  this  critical  value,  the  pillar  will  continue  to 
deflect.  This  deflection  will  not  continue  quite  indefinitely,  as  is  usually  stated, 
because  the  assumptions  made  in  deriving  the  formula  no  longer  hold  after  the 
radius  of  curvature  becomes  comparable  with  the  length  of  the  pillar  ;  this  point 
is  dealt  with  at  length  by  Mr.  W.  Alexander,  M.Inst.C.E.,  in  his  book*  on 
"  Columns  and  Struts." 

Euler's  formula  for  a  pillar  hinged  at  the  ends  is  usually  expressed  as : — 


W  = 


I' 


where 


W  =  critical  load  on  pillar 
E  =  Young's  modulus 

/  =  least  moment  of  inertia  of  pillar  section 
Z  =  length  of  pillar 
-  =  3'14159 
We  may  rewrite  this,  after  putting  I  =  Ag^,  as 

TT-E 


Ce  = 


i!)' 


where 


C£  =  critical  pressure  per  unit  area  of  pillar 
g  =  least  radius  of  gyration  of  pillar  section 
For  mild  steel  we  may  write  £'  =  30X  10"  lbs.  per  sq.  in.  =  30x  10^^  kips  per 
sq.  in.  (1  kip  =  1000  lbs.). 
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And  thus  obtain  ^   -296090*   u-^^  ^^^  ^^    • 

Ce --J    ;      Kips  per  sq.  m.  /^\ 
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Corrected  Formulce  for  Straight  Pillars  Centrally  Loaded. — It  w'll 
be  noted  that  this  formula  takes  no  account  of  the  direct  compression  on 
the  pillar,  with  the  natural  result  that  the  compressive  strength  of  the  material 
does  not  appear  in  the  formula.  To  correct  for  this  deficiency  a  very  large 
number  of  formulae  have  been  devised  which  have  for  their  object  to  make  the 
critical  load  agree  with  the  compressive  strength  of  the  material  for  dumpy 
pillars  and  to  approach  Euler's  results  for  slender  pillars.  Among  these  formulae 
the  best  known  are  Rankine's  formula  and  Johnson's  formula.  The  straight-line 
formulae  (often  called  American  formulae)  are  also  usually  classified  with  these, 
although  their  attempt  to  follow  the  Euler  figures  is  much  less  exact.  All  of 
these  formulae  are  intended  for  pillars  which  are  initially  quite  straight  and  are 
centrally  loaded,  conditions  which  never  obtain  in  practice. 

The  straight-line  formulas  have  been  adopted  freely  in  official  regulations, 
largely,  we  believe,  on  account  of  their  simplicity  ;  we  contend  that  this  simplicity 
is  usually  obtained  at  the  expense  of  economy,  and  that  it  is  more  imaginary  than 
real  in  practical  design. 

We  will  deal  with  this  point  again  later,  but  it  may  now  be  pointed  out 
that  few  practical  designers  have  sufficient  time  to  use  a  formula  at  all ;  they  use 
a  table  or  a  diagram  derived  from  the  formula,  and  once  that  table  or  diagram  is 
made,  it  makes  not  the  slightest  difference  in  its  use  whether  the  formula  is  a 
simple  one  or  not.  In  the  regulations  governing  the  erection  of  steel-frame 
buildings  under  the  London  County  Council,  the  straight-line  formula  is  employed, 
but  it  is  given  in  the  form  of  a  table,  and  it  would  have  been  just  as  easy  to 
have  made  that  table  more  accurate. 

Formula  for  Centrally  -  Loaded  Pillars  not  Initially  Straight. — 
No  pillar  in  practice  is  mathematically  straight,  and  it  therefore  becomes 
desirable  to  derive  formulae  assuming  slight  initial  deflection  due  to  crookedness 
of  the  pillar.  Two  formulae  based  upon  such  considerations  are  well  known  in 
practice  as  Fidler'st  formula  and  Moncrieffs+  formula.  These  formulae 
approximate  much  more  closely  to  true  theory  and  with  tests  than  the  others 
which  we  have  mentioned,  but  owing  to  their  complicated  form  and  length  of 
derivation  they  are  practically  never  dealt  with  in  text-books ;  when  they  are 
referred  to  at  all  they  are  generally  dismissed  with  the  implied  suggestion  that 
they  are  of  less  importance  than  the  Rankine  formula.  The  following  formulae 
are  obtained  by  much  shorter  reasoning  than  the  Fidler  or  the  Moncrieff  formula 
and  are,  we  believe,  quite  as  reliable. 

Case  1.  Pin-Jointed  or  Hinged  Ends. — We  will  take  as  our  standard 
case  that  in  which  the  ends  are  hinged;  we  do  this  because  the  analysis  is 
simpler,  and  because  it  is  easy  to  give  equi\alent  lengths  in  terms  of  hinged  ends 
for  other  methods  of  end  fixing. 

Assuming  that  the  pillar  is  initially  bent,  we  will  calculate  the  further 
deflection  caused  by  the  bending  moment ;    we   can  then  calculate    the  bending 

*  See  Table  I. 

t  "  A  Treatise  on  Bridge  Construction."     Griffin  &  Co.,  London. 

t  Proc.  Am.Soc.C.E.,  Vol.  XLV. 
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stress  at  the  centre  and  add  to  it  the  stress  due  to  the  direct  load.  This  gives  us 
the  maximum  stress  in  the  pillar  for  the  given  load,  and  by  equating  this  to  the 
yield  point  of  the  material  we  shall  obtain  an  expression  which  enables  us  to 
calculate  the  ultimate  stress  in  the  pillar.  This  theory  differs  from  Eule'rs  in  that 
there  is  a  defmite  deflection  for  each  load.  It  also  makes 
the  ultimate  stress  depend  upon  the  compressive  strength 
of  the  material,  and  not  only  upon  its  elastic  modulus. 

We  will  assume  that  the  pillar  is  initially  slightly  bent 
as  shown  in  the  fine  line  in  Fig.  1,  and  that  after  the  load 
is  applied  the  deflection  increases  to  the  form  shown  by 
the  heavy  line;  we  will  assume  that  the  initial  central 
deflection  or  eccentricity  is  eo,  and  that  the  initial  curve  is 
of  sine  form;  the  sine  form  is  adopted  to  assist  the 
mathematics,  and  it  has  been  shown  that  the  assumption  of 
circular  or  parabola  form  gives  almost  identical  results. 

Consider  a  point  P  at  which  the  initial  .  ccentricity 
is  given  by 

x„  =  eo  cos  ^YJ  (3) 

and  let  the  deflection  from  this  initial  position  caused  by 
the  load  W  be  .v  ;  then  the  bending  moment  at  the  point  P 
is  given  by 

B^W  (.V-f.To) 


WJ.r  +  ^,>cos(^)}  (4) 


Since  the  deflection  is  small  we  may,  as  usual,  write 


B  =  ~EI 


dy- 


d'x 
I.e.,    — r,  = 

dy 


W  \     , 

—  -  X  r  Co  cos 

Ely 


(t)> 


or  writing,  for  simplicity, 


W 

EI 

d~x 

—-^^  —  rn  ^x^eoCos  1-7-1  , 

dy'  ^  ^  I  ^  ' 

The  general  solution  of  this  differential  equation  is 

eofii'l' 


(5) 


d~x  _        2(1  {■^y\ 

— 7,  —  —  m  ]x  +  eoCos\-^) 
dy'  ^  ^  I  ' 


x~  A  sin  my  +  C  cos  my-\- 


cos 


I 


{Tz'—tn'-l') 
To  obtain  the  particular  solution   for  our   problem  we   note  that  .v- 

3;  =  +-  and  —  - 
2  2 

For  this  to  be  possible  we  must  have 


(6) 

(7) 
o,  for 


then  taking  ,r=+-  we  have 
2 


o  — C  cos  —  + 
9 


=  C  cos  — +0 

2 


eotn'l'  TT 

— ^^,  cos  - 
m'l-)         2 
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ml'  ,     ,  T      .  0,0       ., 

cos   ^    can  only  be  =0  if  mf  =  7r  :  i.e.,  tn'r  =  '^'; 

I.e.,    -—  .  I  =^  or  Vv -:r 

El  l- 

This  is  the  value  of  W  by  Euler's  formula,  and   in  all  the  cases  which  we 

tftl 
shall  consider  W  will  be  less  than  that,  so  that  cos     -  is  not  =0.       .'  .  C  —  o. 


9 


Our  equation  (5)  therefore  reduces  to 


eotn'l'  Try  /q\ 

cos  -^  (8j 


The  maximum  value  of  x  occurs  when  y  =  o,  and  is  given  by 

emH' 


(9) 


{■K-~-tn-l') 
.  Total  deflection  or  effective  eccentricity  at  the  centre  of  the  pillar  is  given  by 

C        C    1    X  max 

—  Coll    +    — 77J 


(     m-l^     \ 


(10) 


Now  let  Ce  be  the  Euler  critical  stress,  and  let  Cp  be  the  actual  intensity  of 

W 
load  on  the  pillar  =—,  we  then  have 

■^'  /? 

m-r-    W  .1-    W 


EI 


?^^^Gy 


.Cp 
Ce 


. ' .  equation  (8)  becomes 


^  Ce 


Tne  resultant  compressive  stress  at  the  centre  of  the  pillar  if  n  is  the  distance 
from  the  compression  ed-ge  to  the  neutral  axis  is  equal  to 

Resultant  stress  =  —  +  — -  =  —  (l  +  — ,) 
A         I       A  ^  g' 

=c,(l  +  ^4)  (12) 

^  g' 

Failure  of  the  pillar  in  a  ductile  material  will  occur  when  this  resultant  stress 

becomes  equal  to  the  yield -point  stress  c,.  in  the  material ;  we  then  have 

Cj,  =  C/,(l   +  ^") 

^  g 

f  gpW  ) 
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If  we  write  -~  =  «,  this  becomes 


Cy—Cp^     1      + 


I.e.,  Cy  —  cp 


^  CE~Cp 

_  o-cpCs 


Ce  '■  Cp 

i.e.,  cl  —  cp\Cy+{l+a.)c^  +ceCx  =  o 


or,  Cp 


^  :c,+  (l+aW-'^  {c,,  +  (l+«)cfi}--4cyCE     ^^^^ 


For  any  given  material  c,.  and  cj;  are  known,  and  values  of  the  resulting 
critical  pillar  stress  can  then  be  found  for  any  given  pillar. 

If  the  material  is  a  brittle  one,  we  may  substitute  the  ultimate  compressive 
stress  c„  for  Cy,  remembering  that  if  the  material  is  weaker  in  tension  than  com- 
pression we  ought  to  consider  the  resultant  tensile  stress  which  will  be  equal  to 

f Coft 

Cp 


Ko-:;) 


1 


and  equate  that  to  the  ultimate  tensile  strength. 


Mr.  W.  Alexander,  in  his  book  which  we  have  previously  referred  to,  has 
investigated  the  strength  of  pillars  with  great  attention  to  detail  in  the  mathe- 
matical treatment ;  he  investigates  the  length  of  the  arc  of  the  deflected  pillar, 
but  does  not  give  his  results  in  a  form  suitable  for  practical  design  without  the 
very  laborious  calculation  necessary  to  prepare  suitable  diagrams ;  we  believe 
that  the  results  of  our  treatment  are  as  accurate  as  practical  conditions  make 
possible  and  that  it  is  unnecessary  to  go  into  such  great  refinement  in  the 
theoretical  treatment  as  Mr.  Alexander  advocates. 

It  is  interesting  to  consider  the  result  in  the  above  formula  when  the  original 
eccentricity  eo  =  o  .' .  o  =  o  ;  we  then  have 

_Cy  +  CE-{c^  —  CE)  _^     . 

the  other  root  of  the  quadratic  equation  would  have  given  c  =  cpy,  and  this  agrees 
with  the  correct  interpretation  of  Euler's  formula. 

Application  to  Steel  Pillars. — For  steel  we  have  £  =  30  X  10*^  lbs.  per  sq.  in., 
so  that  the  values  of  Ce  given  in  equation  (2)  may  be  employed  ;  as  these  Euler 
stresses  occur  frequently  in  the  formulae,  we  give  the  following  tabulated  values — 


Table  1. 

Values  of 

Euler  Stresses 

C ^  FOR  Steel. 

/ 

20 

40 

50 

60 

70 

80 

90 

100 

no 

120 

13  0 

140 

150 

160 

180 

200 

Euler  stress 

Ce 

fkips  per  sq.  in) 

740-2 

iSs'o 

Ii8'4 

82'23 

60-43 

46-20 

36-55 

29'6i 

24-47 

20-56 

17-52 

15-11 

13-16 

11-56 

9-137 

7-402 

For  mild  steel  we  may  take  the  yield  point  at  45,000  lbs.  per  scj.  in.  =  45  kips 


per  sq.  m. 

Our  equation  (14)  for  the  ultimate  pillar  stress  then  becomes 


Cp- 


{45  +  (l+a)c£;  -  ^    :45  +  (l+aW-180cE 


;i5) 


12  + 
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The  most  convenient  method  of  deahng  with  a  formula  of  this  kind,  for  use 
under  varying  conditions  of  factor  of  safety  is  to  call 

—  =  Pillar  stress  coefficient  =  Q. 

C/, 

We  can  then  prepare  a  diagram  as   shown   in  Fig.  2,  which  gives  values  of   O 
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for  various  values  of  -  for  different  values  of  '''''?  ;  for  most  practical  sections 

wiU  vary  between  "05  and  "2,  and  should   be   taken   higher  for  slender  sections 
such  as  angles  than  for  stiff  sections. 
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Prof.  Basquin*  states  that  in  the  kind  of  pillar  occurring  in  steel  frame 
buildings  a  crookedness  of  iV;  in.  for  every  5  ft.  in  length  should  be  allowed  for. 

Numerical  Example. — Take  a  pillar  with  hinged  ends  14  ft.  long,  built  up 
of  a  12  in.  X  6  in.  X  44  I  beam  with  8  x  |  plates  on  each  side. 

For  the  section  we  have  g  =  r81  in. 
n  =  4  in. 

g        181 
A=22'9  sq.  in. 
go  we  may  take  =  '18  in. 

•    „-go^-'18x4_.   ,, 

Reading  from  our  diagram  by  running  up  vertically  from  the  point  93  on 
the  base  to  a  point  beyond  the  "3  curve  equal  to  y  of  the  distance  between  the  "3 
and  the  '2  curve,  we  find  Q  =  '55. 

For  mild  steel  we  may  take   a  factor   of   safety  of   three   for  ordinary  equi- 
valent dead-loading  conditions,  i.e.,  a  safe  short-pillar  stress  of   15  kips  per  sq.  in. 
.'.  Safe  stress  for  one  pillar='55  X  15 

=  8'25  kips  per  sq.  in. 
.*.  Safe  load  =  8"25X22'9=  189  kips. 

The  load  allowed  under  the  L.C.C.  Steel  Frame  Act  on  this  pillar  is  112  kips. 

It  might  be  suggested  that  this  example,  which  we  have  purposely  selected 
so  as  not  to  present  the  L.C.C.  figures  at  unreasonable  disadvantage,  is  hardly  a 
fair  comparison  since  the  ends  are  seldom  hinged  in  practice,  and  it  is  well  known 
that  low  stresses  are  allowed  for  hinged  ends  under  that  Act  to  encourage 
designers  to  use  rigid  connections. 

We  will  therefore  anticipate  some  of  our  later  treatment  in  order  to  take  the 

pillar  as  fixed  at  one  end  and  hinged  at  the  other  ;    this  is  the  method  of  fixing 

usually  taken  by  the  district   surveyors  for  a  pillar  fixed  in  the  manner  usual  in 

steel  frame  construction. 

/  /  93 

In  this  case  we  take  the  length  as  equivalent  to        ,  so  that  for  -  we  take  — 

1"4  g  1'4 

=  66  approx. 

From  our  diagram  we  read  Q  =  '7l 

•    c  (   }~  A     189X71     o^  1  1  • 
..  SareIoad  = =  244  kips. 

55 

The  load  allowed  under  the  L.C.C.  Act=164  kips.  If,  as  we  believe  has 
been  proved  experimentally,  the  values  given  by  our  diagram  are  absolutely  safe, 
there  is  a  great  waste  of  steel  in  the  pillars  designed  in  accordance  with  the 
L.C.C.  Act. 

For  most  cases  in  practical  design  of  pillars  centrally  loaded  and  as  straight 
as  possible,  we  do  need  to  go  into  such  refinement  as  we  have  done  to  calculate 

\for  each  section  ;  in  such  cases  w^e  can  choose  a  value  of  this  quantity  varying 

with  -,  which  will  give  us  one  diagram  for  use  in  practice. 

{To  be  continued.) 

rCopYRiGHT  Reserved  by  Author.] 
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CONCRETE   SHIPBUILDING. 

A  LARGE  REINFORCED  CONCRETE  SHIP   IN   AMERICA. 


In  recent  issues  we  have  been  able  to  present  illustrations  and  particu- 
lars regarding  concrete  ships  and  concrete  barges  in  various  parts  of  the 
world,  but  the  following  illustrations,  taken  from  Engineering  Men's  Record, 
of  a  large  ship  which,  at  the  time  of  going  to  press,  is  ncaring  completion  at 
San  Francisco,  are  of  special  interest,  inasmuch  as  they  deal  with  a  vessel 
built  on  a  much  larger  scale  than  anv  heretofore  referred  to. 

The  construction  of  the  ways  for  the  building  of  the  ship,  here  described, 
was  commenced  in  August  last  in  San  Francisco,  and  the  laying  down  of  the 
ship  was  started  in  September.  The  vessel  is  designed  for  a  displacement 
of  7,900  tons  and  a  deadweight  carrying  capacity  of  5,000  tons.  It  is 
stated  that  had  it  not  been  for  some  change  in  the  plans  and  the  employ- 
ment of  a  new  naval  architect  the  ship  would  have  been  ready  for  launch- 
ing in  February  of  this  year. 

The  vessel  is  336  feet  long  overall,  45  feet  in  beam  and  31  feet  deep  to  the 
upper  deck.  The  draft  loaded  will  be  24  feet.  The  ship  will  be  equipped 
with  Scotch  marine  boilers  and  1,750  h.p.  triple  expansion  engines,  and  the 
speed  will  be  10  knots. 

For  obvious  reasons  it  is  not  possible  to  give  details  of  the  design 
at  this  stage,  but  the  accompanying  illustrations  give  a  very  clear  idea  of 
the  general  plan  and  design. 
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It  is  interesting  to  note  that  this  boat  is  not  steel  frame,  but  is  con- 
structed with  a  patented  system  of  steel  reinforcing  bars  and  ware  netting. 


X'ievv  showing  some  of  the  steel  work. 
A  Large  Reinforced  Concrete  Ship  in  America. 


The  thickness  of  the  skin  \ancs  in  order  to  make  provision  for  the  addi- 
tional strains  at  various  points.     The  bulkheads  will  be  of  concrete. 

Four  other  large  vessels  of  this  same  general  type  are  to  be  built  at 
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San    Francisco  as  soon  as  the   present  ship,   now  ncaring  completion,  is 
launched. 


View  showins  Prow  of  Ship. 

A    LaROK    Rl;tNI-OR(KD    CONCKKTK    Sllll'    IN     AmKRICA. 


Special  interest  is  being  taken  in  the  construction  of  this  boat  by  the 
Bureau  of  Standards  at  Washington,  as  well  as  by  some  of  the  shipping 
authorities  in  this  country. 
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The  vessel  is  being  built  by  the  San  Francisco  Shipbuilding  Co.  under 
the.  superintendence  of  Messrs.  McDonald  &  Kahn,  consulting  engineers  and 
contractors.     The  naval  architect  is  Mr.  E.  L.  Stuart. 

•    We  hope  at  a  later  date  to  be  able  to  give  a  photograph  of  the  completed 
ship,  together  with  some  further  details. 


Wooden  Forms  in  place 
A   Lakge  Rkinforced  Con'crete  Ship  in  America. 


Some  Notes  on  Shipbuilding. — At  the  annual  meeting  of  the  British  Cor- 
poration for  the  Survey  and  Registry  of  Shipping,  field  in  Glasgow  last  month, 
^Ir.  Fred  J.  Stephen,  Chairman  of  the  Technical  Committee,  made  the  following 
interesting  remarks  in  reference  to  concrete  shipbuilding  : — "  Reinforced  concrete 
construction  was  being  applied  to  shipbuilding  to  such  an  extent  that  it  had  advanced 
more  in  inonths  than  it  would  have  done  in  years  of  normal  life.  Many  designs 
had  been  considered  by  the  Committee  after  careful  analysis  in  the  light;  of  all 
available  experience.  Some  had  been  rejected  and  others  chosen  for  acceptance  as 
sound  e.xperimental  propositions,  and  it  should  not  be  many  months  before  some  were 
subjected  to  the  test  of  practical  experience — of  course,  in  ships  of  relatively  small 
tonnage.  It  remained  to  be  proved  from  actual  experience  if  the  advantages  out- 
weighed the  disadvantages,  and,  when  the  materia!  has  been  proved  suitable  for 
the  work  to  be  done,  whether  cheapness  and  rapidity  of  construction  and  saving  in 
upkeep  would  make  these  ships  strong  conijx^titors  of  the  lighter  and  more  costly 
<\.vc\  ship.  If  the  serious  development  of  the  '  cast  '  ship  should  lead  to  the  dis- 
covery of  a  comjxisition  more  elastic  than  concrete,  in  the  sense  of  stretching  and 
closing  without  cracking,  to  a  degree  which  would  harmonise  with  the  movements 
of  steel  under  stress,  then  there  could  be  no  doubt  as  to  the  great  jx)ssibilities  of 
this  form  of  shipbuilding,  because  the  economy  in  it  was  practically  that  which 
casting  had   over   for"ini>'." 
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THE   SETTING  OF 

CEMENTS    AND 

PLASTERS. 


In   continuation  of  the  Pavers  published  last  month,  TDe  votv  give  abstracts  ot  the 
remaining  Papers  read  at  the  meeting  of  the  Faraday  Society. — ED. 


The  paper  bv  Mr.  A.  A.  Kleix,  of  Worcester,  Mass.,  dealt  with  the  "  Constitution 
of  Portland  Cement  and  the  Hydration  of  its  Various  Constituents."  After 
defining  Portland  cement  in  the  customary  manner,  the  author  outhned  the 
micro-petrological  methods  used  for  investigating  its  constitution,  and  pointed 
out  the  ease  with  which  tricalcium  siHcate  and  tricalcium  aluminate  may  be 
confused  when  a  thin  section  of  cement  is  examined. 

He  explained  that  there  are,  in  general,  three  types  of  theories  concerning  the 
active  principle  of  cement  :  (i)  That  it  is  a  solid  mutual  solution  of  various  calcium 
silicates  and  calcium  aluminates  to  which  each  investigator  ascribed  formulae  ;  (2)  that 
it  is  a  definite  lime,  silica,  alumina  compound  ;  and  (3)  that  Portland  cement  is  com- 
posed of  separate  silicates  and  aluminates  some  or  all  of  which  are  hydraulic. 

There  was  a  time,  even  very  recently,  when  the  solid  solution  theor\'  was  most 
universallv  held.  Tomebohm,  MichaeUs,  Shott,  and  Glasenapp,  among  others,  came 
to  this  conclusion.  In  the  United  States,  Clifford  Richardson  concluded  that  the 
clinker  consisted  essentially  of  a  solid  solution  of  tricalcium  aluminate  in  tricalcium 
silicate,  but  later  admitted  this  conclusion  to  be  erroneous. 

Of  the  investigations  which  appeared  to  pro\'e  the  existence  of  a  ternary  compound 
occurring  universally  in  cement,  that  of  Ernest  Janecke  *  was  the  most  comprehensive 
and  scientific.  The  petrographic  description  of  his  supposed  compound, SCaO.AlaOg, 
2Si02,  was  ver\'  meagre,  and  investigations  at  the  Bureau  of  Standards  and  at  the 
Geophvsical  Laboratory-  have  failed  to  produce  it,  and  have  sho\\Ti  that  a  melt  of  its 
composition  generally  cr\'stallises  as  3CaO.Si02,  2CaO.SiO.,,  and  3CaO.Al203. 

Finally,  of  the  investigations  which  led  to  the  conclusion  that  cement  is  com- 
posed of  separate  silicates  and  aluminates,  those  of  the  Geophysical  Laboratory 
on  the  binary  systems  CaO-SiO.^,  CaO-.^laOj,  AL^Oj-SiO,  and  on  the  ternary  system 
CaO-SiOj-AljOs  have  been  the  most  serviceable.  They  suggested  f  that  the  con- 
stituents of  "  Portland  cement  clinker  within  the  concentration  limits  set  by  Richardson 
when  in  equiUbrium  may  exist  in  the  following  combinations  depending  primarily 
upon  relatively  small  changes  in  the  quantity  of  lime  present : 


L 


CaO 

3CaO.SiO.^ 

3CaO.Al.P3 


II. 
:}CaO.Si02 
2CaO.Si02 
3C^O.Al203 


IV. 
2CaO.SiO, 
^CaO.sAUOa 
CaO.AUO, 


SiO, 


if 


III. 
2CaO.SiO., 
3CaO.Al,63 
5Ca0.3Ai20., 

"  Richardson's  tj'pical  cement  corresponds  to  Class  II." 
solid  solutions  are  formed,  they  are  xevy  limited  in  extent,  and  are  not  sufficient  to 
affect  the  optical  properties  of  either  silicate,  the  lime,  or  the  aluminate."  Later, 
the  Bureau  of  Standards  %  made  and  studied  mixtures  which  gave  cement  clinkers  of 
various  chemical  compositions,  and  practically  all  the  predictions  of  the  Geophysical 
Laboratorv  were  verified.     Portland  cement  within  the  composition  limits  considered 


V. 
2CaO.Si02 
2CaO.Al.,0 
CaO.AUOs 

Furthermore, 


*   Zcits.  Aiioi'j.  Chcm.,  Ixxiii,  200-j 
^ Jour.  lud.  l-.ni^.  Chcm.,  iii,  1-43. 
t   "  Cmicietf  Cement  .A^e."  C..1/.S. 


Jaiuiaiy,  1913,  jip.  3-; 
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to  be  good  practice  was  found  to  be  a  mixture  of  Beta  2CaO.Si02,  3CaO.Si02,  and 
3CaO.Al203.  Of  these  three,  Beta  2CaO.Si02  occurs  in  the  greatest  proportions, 
CaO  does  not  occur  except  in  underbumed  cUnker,  and  the  presence  of  5Ca0.3Al20a 
may  result  from  imderbuming  or  from  a  mixture  low  in  lime  and  high  in  alumina. 
Class  I,  as  given  above,  must  be  burned  at  higher  temperatures  than  can  be  produced 
economically.  Moreover,  free  lime  is  undesirable  in  the  finished  product.  Class  II 
is  t^'pical  of  good  cement.  The  constituents  of  Class  III  were  found  in  abnormally 
low-limed  cements,  in  which  "  dusting  of  the  clinker  "  is  a  serious  and  frequent  occur- 
rence, and  the  setting  generallv  erratic.  Classes  IV  and  V  were  never  found  in  com- 
mercial Portland  cements. 

According  to  Rankine;,,  when  a  mixture  of  pure  oxides — corresponding  to  Class  II, 
and  with  a  composition  of  CaO  684  per  cent.,  AI2O3  80  per  cent.,  and  SiOg  23'6  per 
cent. — is  slowly  heated,  the  first  change  is  the  evolution  of  the  CO2 ;  the  lime  then 
unites  with  the  other  components  to  form  the  compounds  5Ca0.3Al203and  2CaO.Si02 
probabl}^  in  the  order  named,  since  the  former  has  a  lower  melting-point  than  the  latter  ; 
subsequently  these  two  compounds  unite  in  part  with  more  lime,  and  the  compounds 
3CaO.Al203  and  3CaO.Si02  appear.  This  formation  of  the  last  two  compounds  is 
materially  facilitated  when  a  portion  of  the  charge  having  already  melted,  it  acts  as 
a  flux  or  solvent.  The  temperature  at  which  this  flux  finst  appears  is  1,335°  C.,  the 
eutectic  temperature  for  the  three  compounds  2CaO.Si02,  5Ca0.3Al203,  and 
3CaO.  AI2O3.  At  a  temperature  somewhat  above  1,335^  C.  the  compounds  5CaO.3Al.2O3 
will  have  completely  melted  in  the  flux,  and  the  formation  of  3CaO.Al.2O3 is  soon  com- 
pleted. The  substances  present  as  cr^'stals  at  this  stage  are  3CaO,Si02. AUOg, 
2CaO.Si02,  and  free  CaO.  As  the  temperature  is  raised  still  further  the  amount  of 
flux  increases  and  the  rate  of  combination  of  2CaO.Si02  to  form  3CaO.Si02  increases. 
For  finely-ground  raw  materials  of  the  above  composition  a  temperature  of  about 
1,650°  C.  is  required  for  complete  burning. 

The  foregoing  is  accurate  in  the  case  of  pure  oxides,  but  investigation  by  the 
Bureau  of  Standards  has  shown  that  the  burning  temperature  of  the  commercial 
product  varies  within  wide  limits.  Thus  it  is  possible  to  obtain  a  mixture  which, 
when  burned  at  1,250°  to  1,300°,  will  give  a  cement  passing  specifications  as  in  systems 
involving  the  same  components,  in  general  the  greater  the  number  of  components 
contributing  to  a  eutectic  the  lower  will  be  the  eutectic  temperature,  and  in  addition 
to  the  lime,  alumina  and  silica,  other  oxides  present  as  "impurities  " — such  as  ^IgO, 
FegOg,  NajOg,  NaoO,  and  KJD  compounds — all  play  their  parts. 

Apparently,  therefore,  the  constituents  of  perfectly  burned  Portland  cement  are 
2CaO.Si02,  3CaO.Si02,  and  3CaO.Al203.  The  alite  of  earlier  investigators  was 
apparently  a  mixture  of  the  latter  two  compounds,  and  ceh'te  was  probably  2CaO .  SiOo 
or  an  intimate  mixture  of  2CaO.Si02  and  3CaO.Al203.  In  actual  practice,  free  lime 
is  usually  present  in  small  quantities,  and  is  the  constituent  which  must  be  blamed 
when  a  cement  is  not  volume-constant.  The  compound  5Ca0.3Al.,03  may  also  be 
present,  but  is  not  at  all  harmful.  Of  the  minor  oxides,  a  portion  of  the  FCsO 3  colours 
the  compound  2CaO.Si02 ;  the  remainder  occurs  as  a  reddish  to  black  opaque  isotropic 
flux  which  sometimes  .shows  magnetic  properties.  Magnesia  has  been  shown  by  the 
Bureau  of  Standards  to  replace  the  lime  in  the  silicates  and  aluminate  up  to  a  certain 
concentration  beyond  which  Spinel  (MgO.Al203)  and  MonticeUite  (MgO.CaO.SiOo) 
are  formed.  It  was  also  noted  that  if  properlv  burned,  cement  could  contain  7-8  per 
cent.  MgO  without  being  affected  deleteriously.t 

The  hydration  of  cement  has  been  extensively  studied.  Le  Chatelier  ascribed 
the  initial  setting  to  the  aluminate  of  lime  in  contact  with  water  hydrating  and  harden- 
ing  like  plaster,  according  to  the  equation 

3CaO.Al.,03+i2H20=3CaO.A1.203.i2H.20 
and  the  later  hardening  to  the  decomposition  of  a  lime  silicate  which  ^^elds  a  hydra  ted 
monocalcic  silicate  cr\-stalhsing  in  microscopic  needles  and  calcium  hvdroxide  crystal- 
lising in  large  hexagonal  plates  according  to  the  equation 

3CaO.Si02+H20=CaO.Si02.2iH20-f2(CaO.H20). 


*  Journal  Franklin  Institute,  June,  iqi6. 

t  "  Concrete-Cement  Age,"  O'.M.S.,  September,  1911.  pp.  706-10. 
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In  the  investigations  of  the  Bureau  of  Standards  the  following  compounds  \\ere 
synthesized  and  studied  under  various  conditions  of  temperature  and  pressure  of 
reacting  water  3CaO.Si02,  Beta  aCaO.SiOj,  Gamma  iCaO.SiOj,  CaO.SiO.,, 
3CaO.Al203,  5Ca0.3Al203,  and  CaO.AUOg,  and  it  was  found  that,  in  the  early  stages 
of  setting,  the  constituents  of  Portland  cement  of  normal  composition  and  manufacture 
in  the  order  of  their  strength-conferring  properties  are  :  tricalcium  silicate,  tricalcium 
aluminate,  and  dicalcium  silicate.  With  an  excess  of  water,  tricalcium  aluminate 
hydrates,  forming  the  compound  3CaO. AljOg-^HjO,  where  x  varies  with  the  dr\-ing 
conditions.  5  :  3  calcium  aluminate  and  monocalcium  aluminate,  on  hydrating,  split 
off  amorphous  hydrated  alumina  and  form  hydrated  tricalcium  aluminate.  With  a 
limited  amount  of  water,  such  as  is  usually  encountered  in  concrete  structures,  the 
crystalhsed  compound  does  not  form  immediately,  but  separates  from  solution  as  an 
amorphous  material  wdiich  slowly  changes  to  the  cry^stallised  compound.  When 
the  indi\'idual  aluminate  grains  become  coated  with  the  amorphous  hydrated  aluminate 
further  action  proceeds  with  more  or  less  difficulty.  Tricalcium  aluminate  alone  sets 
too  rapidly  and  attains  too  little  strength  to  be  of  any  commercial  value  as  a  hvdraulic 
cementing  material. 

The  nature  of  the  calcium  hydroxide,  formed  by  the  hydration  of  free  lime  depends 
upon  the  fineness  of  the  lime  grains  and  on  the  burning  temperature.  With  coarse 
lime  grains  and  with  highly  burned  lime  the  hydration  produces  a  preponderance  of 
crystallised  calcium  hydroxide,  but  with  fine  lime  grains  and  with  low -burned  lime 
amorphous  hydroxide  is  chiefly  formed.  Calciumhydroxide  cr^'stals  are  much  more 
inactive  chemically  than  the  amorphous  variety-. 

The  hydration  of  the  aluminates  in  limewater  reveals  the  same  compounds  as  in 
distilled  water,  but  there  seems  to  be  some  action  resulting  in  a  greater  development  of 
cr^-stallised  hydrated  tricalcium  aluminate. 

The  first  effect  of  gypsum  solution  is  to  retard  the  formation  of  amorphous 
hydrated  aluminates  and  keep  the  pores  of  the  material  open  to  the  further  penetration 
of  w^ater.  Specimens  hydrated  in  saturated  g^'psum  solutions  show  the  highest 
ignition-loss  after  six  days.  The  products  of  hydration  are  the  same  as  those  A\'ith 
distilled  water,  with  the  exception  of  the  additional  formation  of  needles  of  3CaO. 
Al203.3CaSO^.ArH20.  The  formation  of  this  compound  is  onlv  incidental  to  the 
initial  set,  and  not  the  cause  of  its  retardation.  Variation  of  the  gA-psum  content 
above  and  below  a  certain  definite  concentration  causes  a  decrease  in  the  setting 
time.  Trica,lcium  aluminate  containing  10  per  cent,  of  plaster  gains  practicallv  no 
strength  after  twenty-four  hours. 

The  initial  set  probably  involves  the  action  of  small  amounts  of  electrolytes  in 
retarding  the  coagulation  of  the  amorphous  aluminate  material.  The  evidence  is  in 
favour  of  the  aluminates  coagulating  and  separating  as  amorphous  bodies  from  super- 
saturated solutions.  Thus  with  a  certain  and  definite  concentration  of  gypsum, 
maximum  hydration  is  attained,  and  at  the  same  time  the  rate  of  coagulation  is 
retarded,  increasing  the  time  of  set. 

Calcium  metasilicate,  as  well  as  gamma-calcium  orthosilicate,  is  practically  inert 
with  regard  to  hydration.  Beta-calcium  orthosilicate  is  but  shghtly  hydrated  in  water, 
until  after  a  considerable  length  of  time  ;  it  sets  too  slowly  and  attains  strength  too 
slowly  to  be  of  any  commercial  value  when  used  alone,  although  at  periods  beyond 
twent\'-eight  days  it  gains  sufficient  strength  to  place  it  almost  on  an  equality  with 
tricalcium  silicate.  It,  therefore,  adds  somewhat  to  the  strength  of  the  cement  at 
later  periods. 

Homogeneous  tricalcium  silicate  has  not  been  obtained,  the  most  satisfactory- 
product  containing  an  extremely  small  amount  of  free  lime,  beta-orthosilicate  and 
tricalcium  aluminate.  Tricalcium  silicate  hydrates  readily,  forming  crystals  of  calcium 
hydroxide  and  amorphous  hydrated  silicate.  It  sets  hard  in  five  hours,  and  possesses 
all  the  important  properties  of  Portland  cement.  It  shows  no  sign  of  disintegration 
after  twenty -eight  days  in  water  and  in  the  autoclave  test.  Mixing  tricalcium  silicate 
with  beta-calcium  orthosilicate  has  no  favourable  effect  on  the  hydration  of  the 
latter. 

In  mixtui'es  of  tricalcium  silicate  and  the  aluminates  gauged  with  water,  lime- 
water,  and  plaster  solution,  the  hydration  of  the  aluminate  begins  first,  and  is  followed 
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shortly  after  by  the  hydration  of  the  siUcate.  Tricalcium  aluminate  when  used  to 
replace  19  per  cent,  of  tricalcium  silicate  does  not  add  to  the  strength  of  the  latter, 
showing  rather  a  tendency  to  decrease  it  at  later  periods. 

The  hydration  of  cements  is  thus  brought  about  by  the  formation  of  amorphous 
hyd rated  tricalcium  aluminate  with  or  without  amorphous  alumina,  the  aluminate 
cr\'-stallising  later.  At  the  same  time,  sulpho-aluminate  cr\'stals  are  formed,  and  low- 
burned  or  finely  ground  lime  is  hydra  ted.  The  next  compound  to  react  is  tricalcium 
sihcate,  whose  hydration  begins  within  twenty -four  hours.  Betwean  seven  and  twenty- 
eight  da^'s  the  amorphous  aluminate  commences  to  cr^'stallise  and  beta-orthosihcate 
begins  to  hydrate.  Although  the  latter  is  the  chief  constituent  of  American  Portland 
cements,  it  is  the  least  reactive  compound.  The  early  strength  (twenty,' -four  hours)  of 
cements  is  probablv  due  to  the  hydration  of  free  lime,  the  aluminates,  and  the  beginning 
of  tricalcium  silicate  hvd ration.  The  increase  in  strength  between  twenty-four  hours 
and  seven  days  depends  chiefly  upon  the  h^'dration  of  tricalcium  sihcate,  and  also  on 
the  further  hydration  of  aluminates.  The  increase  befrween  seven  and  twenly-eight 
days  is  due  to  any  further  hydration  of  tricalcium  silicate  and  to  the  beginning  of 
hvdration  of  beta-calcium  orthosihcate,  but  it  is  partly  counterbalanced  by  the 
hydration  of  anv  high -burned  free  lime  and  in  the  cr\rstallisation  of  the  aluminate. 
It  is  to  this  hydration  that  the  falling  off  in  strength  between  seven  and  twent^^-eight 
days  of  very  high-burned  high-limed  cements  is  due,  whereas  the  decrease  shown  by 
the  high-alumina  cements  is  due  to  the  cn,'stallisation  of  the  aluminate. 

The  dicalcium  silicate  hydrates  to  a  ver\-  granular  porous  mass  which  is  chemically 
more  resistant  to  the  actions  of  solutions  than  the  tricalcium  sihcate,  but  furnishes  a 
great  number  of  voids  in  which  salts  may  cry-stallise  out  of  solution,  and  it  offers  ver}- 
little  resistance  to  the  mechanical  action  of  these  salts. 

On  the  other  hand,  the  hydrated  tricalcium  silicate  with  its  ver^'  dense  structure, 
composed  of  colloidal  silicate  interspersed  with  cr^^stals  of  lime  hydrate,  is  probably 
veiA'  susceptible  to  strains  produced  by  alternate  wettings  and  dryings.  Hence,  the 
composition  of  Portland  cement  should  be  such  as  not  to  produce  a  great  preponder- 
ance of  either  silicate,  but  it  may  possibly  have  an  excess  of  dicalcium  silicate,  which 
would  give  a  not  too  dense  hydrated  material,  gaining  strength  at  later  periods.  A 
lesser  amount  of  the  tricalcium  silicate  would  furnish  the  desired  early  strength  and 
also  overcome  the  excessive  porositv*  of  the  dicalcium  silicate.  The  aluminate  in  the 
finished  cement  appears  to  be  merelv  a  diluent  or  inert  material,  although  it  plays  an 
important  role  in  lowering  the  temperature  of  fomiation  of  trisihcate  when  the  clinker 
is  burned. 

Mr.  G.  A.  Rankine,  of  the  Geophysical  Laboratory,  Washington,  provided  a 
paper  which  largely  covered  the  same  ground  as  Mr.  Klein's,  and  in  which  the 
same  conclusions  were  reached,  though  Mr.  Rankine  laid  moie  stress  on  the  part 
played  by  the  gelatinous  matter  formed  by  the  action  of  water  on  cement. 

He  regards  tricalcium  silicate  as  far  and  away  the  most  important  constituent  of 
Portland  cement  and  pointed  out  that  it  is  probablv  the  onlv  compound  containing 
silica  in  combination  in  such  a  manner  that  it  is  readily  released  to  form  a  thin  coating 
of  gelatinous  silica  when  mixed  with  water  to  form  a  mortar.  At  the  present  time  an 
average  Portland  cement  contains  about  30  to  35  per  cent,  of  tricalcic  sihcate,  and  to 
increase  this  percentage  is  a  matter  of  considerable  difficult^-,  as  this  silicate  is  chiefly 
formed  by  combination  of  lime  and  sihca  at  a  temperature  of  1,700°  C,  which  is  too 
high  for  industrial  practice.  In  order  to  produce  it  at  a  sufficiently  low  temperature  to 
become  a  commercial  possibihty,  it  is  essential  to  provide  some  low -melting  flux  to 
facihtate  the  combination  of  hme  and  silica.  At  present  this  flux  is  furnished  by  the 
low-melting  calcium  aluminates  and  the  small  amount  of  iron  oxide  and  magnesia 
present  in  the  clinker. 

Although  it  does  not  appear  commercially  possible  to  increase  the  percentage  of 
tricalcic  sihcate  in  Portland  cement,  there  is  another  possibiht}-,  which  may  be  more 
practical — namely,  to  readily  release  hydrous  silica  from  some  compound  containing 
a  higher  percentage  of  sihca  than  tricalcic  silicate.  Thus,  dicalcic  sihcate,  whilst 
practically  inactive  towards  pure  water,  is  appreciably  hydrated  in  a  solution  of 
calcium  aluminate.  Some  other  solution  or  electrolyte  may  be  found  which  will 
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release  hydrated  silica  from  dicalcic  silicate  as  readily  as  water  now  releases  it  from 
tricalcic  silicate. 

Mr.  Rankine  regards  with  favour  the  use  in  sea  water  of  iron  cements  containing 
7  to  8  per  cent,  of  ferric  oxide.  He  attributes  the  greater  resistance  to  sea  water  of 
these  cements  to  the  formation  of  some  chemical  combination  of  the  iron  oxide  with 
the  calcium  aluminates  which  resists  the  action  of  sea  water.  WTiile  the  nature  of  this 
chemical  combination  is  uncertain,  it  is  known  that  the  pure  aluminates,  particularly 
the  compound  5Ca0.3Al203  when  burned  with  about  5  per  cent,  of  iron  oxide,  produce 
a  chnker  which  when  ground  and  mixed  with  water  is  sound  and  of  good  strength. 
A  pat  of  this  material,  even  when  subjected  to  the  action  of  steam  for  a  long  period 
of  time,  shows  no  sign  of  disintegrating. 

In  a  paper  by  Mr.  J.  G.  Rhodix,  the  suggestion  is  made  that 
the  chemical  composition  of  a  cement  may  vars'  ver^'  considerably,  but  the  physical 
condition,  common  to  all  cements,  is  a  condition  of  labile  molecular  equilibrium. 
Tliis  liabiht\-  may  be  so  great  that  some  cements  lose  their  cementing  properties 
when  stored  in  a  stoppered  bottle  for  twenty -four  hours,  as  in  an  actual  case  which  he 
quoted.  After  a  research  lasting  several  years,  the  remedy  was  found  to  consist  in 
adding  0-5  per  cent,  of  aluminium  sulphate  or  alum  before  firing.  The  addition  of 
aluminium  sulphate  to  the  freshly  burned  cement  does  not  improve  its  qualit^^  ;  it 
simply  prevents  it  from  reverting  to  inactive  sihcates.  The  curious  part  is  that 
alum  affects  plaster  in  the  same  way,,  making  Keen's  cement  store  well  and  quick- 
setting,  in  contradistinction  to  German  Estrich  g^'ps,  which  stores  badly  and  sets 
slowly. 

Mr.  Rhodin  concludes  that  the  molecules  of  a  cement  are  in  a  state  of  tension, 
ready  to  break  up  into  smaller  centres  similarlv  to  colloids  changing  into  crv'stalloids 
and  that  the  speed  of  this  breaking  up  can  be  diminished  by  adding  substances  acting 
in  the  reverse  way  to  a  catalyser.  Arguments  in  favour  of  this  conclusion  are  :  {a)  The 
fact  that  fusion  spoils  all  cements,  making  glassy  slags,  which  no  amount  of  grinding 
will  turn  into  cement  ;  (b)  the  similarity-  of  the  behaviour  of  cements  and  zeolites  ; 
and  (c)  the  constancy  of  volume  of  setting  of  sound  cements.  He  regards  the  after 
hardening  of  cements  as  partly  a  continuation  of  the  foregoing  process,  and  partly  a 
carbonating  process,  which,  though  ver^-  slow  and  gradual,  is  quite  perceptible  even 
after  a  year  or  more. 

Prof.  F.  G.  Donnan  drew  attention  to  the  following  four  principal  factois 
wlrich  tend  to  cause  the  agglomeration  ("  caking,"  binding,  or  setting)  of  granular 
masses  of  material.  For  this  purpose  the  material  must  be  immersed  in  a  medium 
which  exerts  some  solvent  action,  or  the  granules  must  be  wetted  with  such  a  medium. 
A  very  small  amount  of  such  a  solution  will  suffice  : 

1.  Unequally  Distributed  Stress. — If  the  solid,  but  not  the  liquid,  be  subjected 
to  compressive  stress,  the  solubilib,-  will  increase,  and  the  additional  material  dissolved 
will  be  reprecipitated  in  contact  with  unstressed  portions  of  the  solid,  and  will  cement 
them  together  by  the  formation  of  cr^-stalline  "  bridges"  of  reprecipitated  material. 
Gravitation  suffices  to  produce  the  stress. 

2.  Unequal  Size  of  Granules. — -Ver>-  small  particles  have  a  higher  solubility 
than  larger  ones,  so  that  in  a  mass  of  granules  of  different  sizes  the  layer  of  solution 
on  the  fine  particles  is  not  in  equilibrium  with  the  layer  on  a  neighbouring  large  par- 
ticle, and  re-solution  and  precipitation  (re-crv-stalUsation)  occur,  cementing  bridges 
are  formed,  and  the  mass  sets. 

3.  Existence  of  Unstable  or  Metastable  Forms. — At  any  given  temperature  and 
for  any  given  solvent  an  unstable  (metastable)  cr\'stalline  form  has  a  higher  solubility 
than  a  more  stable  form.  If  the  granular  mass  consists  of  a  metastable  form  which 
is  slowly  changing  into  a  more  stable  form  so  that  a  metastable  and  a  stable  particle 
in  contact,  re-solution  occurs  at  the  surface  of  the  former  and  recrystalhsation  at  the 
surface  of  the  latter,  cementing  being  produced  as  in  the  pre\-ious  cases. 

The  setting  of  ordinary-  plaster  of  Paris  is  a  well-known  case  of  this  kind  which 
has  been  fully  discussed  by  I^  Chatelier.  The  reprecipitated  (or  recn'stalhsed ) 
material  may  be  so  finely  granular  as  to  be  practically  "  colloidal." 

4.  Sheared  or  "  flowed  "  Crystal  Surfaces  ("  Beilhy  efiect"). — Owing  to  grinding 
or  other  shearing  actions,  the  surface  layers  of  some  of  the  crj-staUine  granules  may 
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have  become  "  amorphous,"  and  will  possess  a  higher  solubility  than  the  stable  cr\'s- 
talline  surfaces,  tending,  as  in  the  previous  cases,  to  produce  recrystallisation  and 
consequent  agglomeration. 

"  The  effect  of  the  addition  of  slag  on  the  setting  properties  of  Portland 
cement  "  was  stated  by  Messrs.  E.  Deny  and  E.  H.  Lewis  to  be  beneficial  when 
a  suitable  slag  was  used  in  appropriate  proportions. 

The  slag  which  they  used  was  from  blast  furnaces  in  which  hematite  pig  iron  is 
manufactured  ;  fairly  high  (49  per  cent.)  in  lime,  39  per  cent,  of  sihca,  15  per  cent,  ot 
alumina.  The  high  lime  content  is  due  to  the  necessity  of  remo\dng  the  sulphur  from 
the  pig  iron. 

Cement  made  from  blast  furnace  slag  is,  of  course,  like  other  Portland  cement, 
made  from  hmestone  and  cla^-,  except  that  it  has  been  subject  to  a  double  burning , 
being  first  passed  through  the  blast  furnace.  It  also  has  a  high  alumina,  silica  ratio, 
and  is  usually  quick-setting,  but  this  can  be  adjusted  by  the  use  of  a  suitable  lime- 
stone or  the  addition  of  granulated  slag.  These  authors  showed  that  experiments 
they  had  made  on  the  addition  of  up  to  30  per  cent,  of  granulated  slag  to  well-known 
brands  of  Portland  cement  regulated  the  setting  time  and  added  considerably  to  the 
tensile  strength  of  the  cement.  They  also  called  attention  to  the  fact  that,  with 
their  cement,  the  high  content  of  alumina  makes  it  possible,  contrar}^  to  the  generally 
accepted  theon,-,  to  use  without  fear  of  expansion  a  greater  percentage  of  Ume 
in  the  chnker  than  is  usual.  The  result  of  grinding  such  a  clinker  without  any 
addition  of  raw  slag  is  a  very^  quick-setting  cement  ;  but  if  suitable  slag  be  added  the 
result  is  a  cement  of  reasonable  setting  time,  which  soon  attains  so  great  a  strength 
that  it  has  reached  1,300  lb.  per  sq.  in.  at  28  days.  They  suggest  that  the  quick- 
setting  and  quick-hardening  are  due  to  the  colloid  formed  by  the  hydrolysis  of  the 
calcium  aluminate  and  present  to  an  unusual  degree,  having  a  favourable  influence 
upon  the  subsequent  formation  of  a  colloid  by  the  hydrolysis  of  the  calcium  silicate. 

Finalty,  Mr.  W.  J.  Dibden,  in  his  paper  on  "  Ancient  and  Modem  ]\Iortars," 

gave  some  information  which  is  of  value  if  applied  to  concrete,  though  no  such 

application  was  made  by  the  author. 

Mr.  Dibden  suggested  that  a  comparison  of  the  proportion  of  lime  to  aggregate, 
a  study  of  the  nature  of  the  aggregate,  and  on  the  influence  of  clay  in  it  would  be 
valuable,  particularly  if  both  ancient  and  newly-made  synthetic  mortars  were  com- 
pared. He  explained  that  the  ancient  art  of  making  mortar  has  not  been  lost,  and 
that  properly  compounded  modem  mortars  will,  within  a  reasonable  time,  possess  a 
strength  equal  to  the  best  old  samples  obtainable. 

He  urged  the  necessity  of  being  explicit  when  specif\nng  the  composition  of 
mortars,  particularly  with  regard  to  the  form  in  which  the  lime  exists  when  measured. 
It  is  not  sufficiently  recognised  that  the  volume  should  always  be  stated  in  terms  of 
unslaked  lime,  and  in  stating  the  results  of  analyses  of  mortar  the  volume  of  lime  is 
calculated  from  the  percentage  of  pure  CaO  on  the  assumption  that  the  original  lime 
was  comparable  to  a  commercial  lime  containing  80  per  cent.  CaO,  and  multiphang 
the  weight  so  found  by  2 J,  to  convert  it  from  iveight  to  volume. 

Investigations  on  trwen1y-six  ancient  mortars  showed  that,  whilst  the  ^■olume 
of  aggregate  to  i  volume  of  lime  varied  from  0-4  to  3-7,  in  only  four  instances  out  of 
twenty -six  was  it  more  than  2,  the  average  of  these  being  about  i,  as  compared  with 
the  modem  practice  of  3.  Hence,  the  ancient  mortars  contained  larger  quantities 
of  lime  than  is  considered  permissible  in  modem  practice,  on  account  of  the  cost 
of  hme. 

Modem  specifications  generally  state  that  the  aggregate  is  to  be  "  clean,  washe«^l 
sand,  etc.,"  but  analyses  of  ancient  mortars  of  the  twelfth  and  thirteenth  centuries, 
and  that  of  the  London  Wall,  show  that  the  aggregate  was  largely  that  of  gravelly 
sand  with  up  to  i9'5  per  cent,  of  clean  ferruginous  clay. 

In  mortar  from  Allington  Castle,  early  thirteenth  centur\-,  the  relative  pro- 
portions of  lime  to  sand,  etc.,  in  three  samples  were  i  to  1-7,  i  to  it,  and  i  to  i-Q, 
the  percentage  of  clean  ferruginous  clay  was  respectively  8-6,  3-66,  and  4  per  cent, 
on  the  sand,  which  was  fairly  coarse,  the  proportions  of  coarse  sand  retained  on  a 
j-in.  mesh  being  20,  22  and  12  per  cent,  respectivelv.     The  crashing  strength  of  the 
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first  of  the  three  samples  was  144  lb.  per  cu.  in.,  and  that  of  the  second  90  lb.  Two 
other  samples  from  the  same  building  contained  lime  in  the  proportions  of  i  to  i  and 
I  to  1-3  ;  clean  red  clay  in  the  proportion  of  4*5  and  yj  per  cent,  of  the  aggregate, 
respectively  ;   the  crushing  strength  being  162  lb.  and  194  lb.  per  cu.  in.  respectively. 

Two  samples  of  Roman  mortar — -viz.,  from  the  Pharos,  Dover,  and  a  Roman 
villa  at  Daren th,  contained  clean  lime  and  broken  brick  only  ;  whilst  another  from 
Threlfall  Castle,  near  Hythe,  contained  clean  flint  and  pebbles  for  the  aggregate. 

There  was,  therefore,  no  systematic  method  in  the  preparation  of  these  early 
mortars,  e\'idently  materials  most  conveniently  obtainable  being  employed,  pre- 
ference, however,  being  given  to  clean  ferruginous  clayey,  gravelly  sand  when 
obtainable. 

Results  obtained  with  experimental  samples  of  mortar  made  with  known  materials 
and  tested  after  being  kept  for  two  years  show  distinctly  the  advantage  gained  by 
the  early  builders  in  fixing  the  ratio  of  lime  to  aggregate  at  about  1:2,  and  the  use 
of  a  coarser  aggregate.  The  modern  rush  after  economy,  by  reducing  the  proportion 
of  lime,  is  very  largely  responsible  for  the  poorer  quahty  of  many  modem  mortars. 

The  presence  of  clay  in  the  "  sand  grit,"  deserves  special  attention.  Experiments 
made  by  the  author  showed  that  when  the  proportion  of  lime  to  aggregate  is  i  to 
3,  clay  is  disadvantageous  with  white  chalk  lime  and  greystone  lime,  but  with  blue 
lias  lime  a  marked  improvement  is  obtained.  Under  other  conditions,  the  use  of  clay 
is  distinctly  advantageous.  For  instance,  the  strength  of  blocks  made  of  i  volume 
of  greystone  hme  and  5  volumes  of  Standard  sand  without  clay  was  only  42  lb.  per 
cu.  in.,  whereas  without  clay  blocks  made  of  the  same  materials  but  after  adding 
7 J  per  cent,  of  clay  to  the  sand  had  a  crushing  strength  of  183  lb.  per  cu.  in.,  and 
blocks  made  with  i  volume  of  hme  and  only  2  volumes  of  sand  containing  10  per 
cent,  of  clay  had  a  crushing  strength  of  223  lb.  per  cu.  in.  Similarly,  3  volumes  of 
Lewisham  fine  sand  and  natural  clay  with  i  volume  of  lime  had  a  crushing  strength 
of  154  lb.  per  cu.  in.,  but  on  using  the  same  sand  washed  free  from  clay  the  crushing 
strength  was  reduced  to  33  lb.  per  cu.  in. 

The  proportion  of  voids  or  spaces  between  the  particles  of  sand  has  an  important 
influence  on  the  strength  of  mortar.  Thus,  a  mortar  made  with  a  sand  having  40  per 
cent,  of  voids  had  a  crushing  strength  of  only  70  lb.  per  cu.  in.,  whilst  with  a  sand 
having  only  23  per  cent,  of  voids  the  crushing  strength  was  154  lb.  Hence  a  larger 
proportion  of  lime  should  be  used  with  coarse  sand,  a  ratio  of  i  to  2  giving  far  better 
results  than  a  ratio  of  t  to  3. 

The  suggestion  that  soluble  silicates  are  formed  in  mortars  in  the  course  of  time 
is  not  borne  out  in  the  author's  experience,  and  his  examination  of  numerous  samples 
of  ancient  mortar  revealed  the  presence  of  no  more  soluble  silica  than  is  normally 
found  in  ordinar^^  fresh -made  mortar — about  03  per  cent.  In  those  cases  in  which 
the  soluble  silica  is  higher,  as  at  Pembrey  Castle,  Caermarthen  (thirteenth  century) 
where  the  soluble  silica  is  as  much  as  2-95  per  cent.,  and  the  core  of  the  old  wall  at 
Crosby  Hall,  where  3-8  per  cent,  was  found,  the  character  of  the  mortar  leads  to  the 
conclusion  that  trass,  pozzuolan,  or  some  equivalent  material,  had  been  employed. 
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5ome  interesting  particulars  regarding  Concrete  Roads  in  Canada  and  Netv  Zealana 
ha've  recently  come  to  our  notice,  and 'we  have -pleasure  in  presenting  this  information  to 
our  readers  in  the  subioined  article.  For  our  details  \regarding  the  Neiv  Zealand  roads  ive 
are  indebted  to  the  * '  Commonivealih  Engineer. ' ' — ED. 


The  Toronto-Hamilton  Highway. — This  very  important  concrete  road, 
which  is  thirty-five  miles  in  leng"th,  and  connects  the  cities  of  Toronto  and 
Hamilton,  with  a  combined  population  of  600.000,  has  recently  i^een  referred  to 
in  such  g-lowing-  terms  by  Mr.  H.  S.  \'an  Scoyoc,  the  Chief  Engineer  to  the 
Toronto-Hamilton  Commission,  that  we  feel  sure  it  will  be  of  considerable 
interest  to  many  of  our  readers  to  place  before  them  some  of  the  special 
features  he  has  dealt  with.  The  construction  of  the  road  began  in  November, 
1914,  and  was  officially  opened  three  years  later.  As  regards  the  traffic,  he 
states  that  in  1917,  with  the  five  miles  nearest  Toronto  not  available  to  througii 
traffic,  a  maximum  count  in  one  day  registered  3,840  vehicles.  Of  these  3,065 
were  pleasure  motors,  107  commercial  motors,  148  pleasure  horse-drawn,  and 
_1 1  commercial  horse-drawn.  Probably  a  conser\'ative  estimate  places  the 
maximum  daily  traffic  during  the  present  year  at  6,000  vehicles.  These  figures 
undoubtedly  afford  testimony  of  the  great  popularity  of  the  road.  Probably  no 
other  surface  approaches  the  w^ood-floated  surface  of  a  concrete  roadway  in 
affording  safety  for  motor  traffic.  It  provides  a  satisfactory  foothold  for  horse- 
drawn  traffic  and  offers  the  least  resistance  to  traffic  of  any  known  surface. 
For  this  reason  there  is  a  decreasing  tendency  to  cover  it  with  any  other 
material  until  years  of  service  make  this  desirable. 

At  the  official  opening  the  Honourable  Mr.  Duffy,  Commissioner  or  High- 
ways for  the  State  of  New  York,  in  an  address  delivered  on  that  occasion, 
stated  :  "  It  is  the  finest  constructed  road  I  have  ever  seen,  and  it  is  made 
of  the  finest  p)ossible  material  that  Ave  know  of." 

With  reference  to  the  maintenance  cost  of  this  road,  we  are  informed  that 
during  1917  on  312,10c.  square  yards  of  concrete  (approximately  thirty  miles) 
the  sum  of  $767*70  was  spent,  or,  roughly,  one-quarter  of  a  cent  per  square 
yard.  This  is  so  eminently  satisfactory  when  compared  with  the  well-known 
and  frequent  costly  upkeep  of  macadam  that  one  is  at  a  loss  to  understand  why 
reads  of  this  description  are  not  more  frequentlv  laid  in  this  country.  That 
they  will  be  to  a  large  extent  the  roads  of  the  future  there  can  be  little  doubt. 
In  the  meantime  there  is  the  question  of  prejudice,  the  idea  of  an  innovation, 
the  fear  of  taking  any  risk — not  that  there  is  much  cause  for  this — all  of  which 
is  very  conservative  and  Englishlike,  but  in  time  will  surely  disappear,  and  sign^ 
are  not  wanting  that  when  the  opportunity   arises,    and  money   can  be   spent, 
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concrete  roads  will  be  given  the  fair  and  thoroug-h  trial  they  deserve.  It  is  a 
curious  fact  that  some  of  the  most  direct  opposition  to  the  concrete  road  has 
emanated  from  those  who  imagine  that  a  highway  of  this  character  is  going  to 
do  away  with  the  use  of  any  bituminous  surfacing.  However  that  may  be,  time 
and  experience  will  alone  show.  It  certainly  seems  highly  probable  that  our 
eng-ineers,  road  suneyors,  and  road  contractors  will  have  to  adapt  themselves 
to  an  altered  condition  of  things.  The  making  of  a  good  concrete  road 
requires  proper  material  and  careful  supervision  during  its  construction  :  but, 
once  laid  and  given  the  necessary  time  for  setting — at  least  three  weeks  before 
traffic  is  put  on  it — there  can  be  no  doubt  of  obtaining  a  soimd  and  perfect  road, 
and  one  which  is  going  to  cost  but  a  trifling  amount  to  the  taxpayer  for  its 
upkeep. 

All  this  and  more  has  been  made  so  evident  in  America  and  Canada,  where 
concrete  roads  are  ever  on  the  increase,  that  we  readily  pay  a  tribute  to  the 
motto  published  in  the  Concrete  High^vay  Magazine,  which  is  :  "  Concrete  for 
Permanence."  The  i,ame  interesting  little  brochure  adds  : — "  Our  work  in  the 
New  Year  and  in  the  years  to  come  :  To  build,  to  set  our  hands  to  constructive 
effort  along  our  highways,  to  the  end  that  our  engineering  knowledge  may  be 
used  for  the  benefit  of  our  fellow-men,  and  to  the  honour  and  glon.-  of  Our 
Country.  Ours  is  the  duty  of  paving  the  way  permanently  for  the  economic 
transport  of  our  nation's  products,  of  effecting  a  saving  through  permanent 
construction  where  waste  and  neglect  now  rule,  of  quickening  delivery  of 
supplies  throughout  the  land  and  hastening  military  movement  in  this 
momentous  hour.  We  are  called  to  duty  upon  our  highv.ays  at  a  period  in  which 
our  just  reward  is  in  proportion  to  the  degree  of  lasting  service  rendered  in  the 
building  of  time-saving,  power-saving  roads.  Rejoicing  in  the  fact  that  to  us 
has  been  given  ihe  task  of  building  at  a  time  when  permanence  is  needed  most, 
we  accept  the  call,  pledging  ourselves  to  think  less  of  self  and  more  of  our 
flag,  and  to  press  on  with  renewed  zeal  for  the  advancement  and  securit\"  of 
our  country  in  supplying  its  most  vital  need — the  open,   durable  road." 

New  Roads  in  New  Zealand. — Three  concrete  roads  have  been  con- 
structed by  the  Auckland  Citv  Council- — viz.  :  in  Lower  Queen  Street,  Durham 
Street  West,  and  in  Park  Road.  Regarding  the  two  first  mentioned,  they  are 
completely  successful,  but  that  in  Park  Road  is  not  so  satisfactory.  There  were 
certainly  unavoidable  circumstances  which  gave  specific  reasons  for  the 
difficulties  that  arose  in  connection  with  the  latter.  First,  the  weather  was 
ver^;  cold  and  wet  during"  most  of  the  time  the  road  was  under  con- 
struction, and  as  a  consequence  the  heavy  rain  storms  prejudicially  affected 
the  concrete  whilst  setting.  The  proper  shingle  for  the  aggregate  was  not 
readily  obtainable,  and  finally  that  portion  of  the  road,  the  northern  end,  where 
the  trouble  arose,  had  to  carry  traffic  too  soon  to  give  it  a  chance.  The 
southern  section  of  the  road  subsequently  done  stood  up  to  the  traffic  well. 
Under  conditions  such  as  described  it  is  not  surprising  that  trouble  occurred. 

Mr.  W.  K.  Bush,  the  City  Engineer,  last  October  dealt  fully  with  the 
details  which  had  contributed  to  such  a  result,  but  his  last  statement  on  this 
subject  is  self-evident  of  his  strong  advocacy  for  concrete  roads.  He  savs  : 
"  The  success  of  the  concrete  road  means  a  great  deal  not  onlv  to  Auckland, 
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but  also  to  other  cities  similarly  situ.ated  in  regard  to  climatic  conditions,  as  it 
can  be  put  down  for  half  the  cost  of  an  asphalt-paved  or  wood-block  road,  and 
so  far  there  is  every  indication  that  its  adoption  by  the  City  Council  is  fully 
justified." 

Concrete  Road  near  Gravesend,  Kent. — As  is  generally  well  known,  a 
certain  section  of  the  London  to  Dover  main  road  was  laid  in  concrete  by  way 
of  experiment  towards  the  end  of  1914  and  opened  for  traffic  the  following 
March.  It  is  unnecessary  to  refer  in  detail  to  the  specification  which  governed 
the  making  of  this  important  highway.  Suffice  it  to  say  that  on  one  half  of 
the  road  the  proportion  of  aggregate  to  cement  used  in  the  surface  to  a  depth 
of  i^  to  2  in.  was  altered  to  3  to  i  instead  of  6  to  i,  as  was  the  case  on  the 
other  side.  Mr.  H.  S.  Chapman,  County  Surveyor  of  Kent,  in  his  last  year's 
report  to  the  Bridges  and  Roads  Committee  of  that  county,  said:  "  Two  and 
a  half  vears  have  now  elapsed  since  the  work  was  completed,  and  the  portions 
surfaced  with  3  to  i  concrete  are  practically  as  good  as  when  finished."  The 
road  carries  a  heavy  and  damaging  type  of  traffic,  considerably  over  1,000  tons 
per  day.  It  has  now  had  a  life  of  three  years ;  the  surface  is  still  thoroughl\- 
sound  and  good.  It  has  not  been  tarred,  and  in  fact  not  a  penny  has  been 
spent  in  the  way  of  maintenance  upon  it.  Surely  this  is  an  object  lesson  well 
worthy  of  close  consideration  by  road  surveyors  and  municipal  bodies. 

The  Roads  Improvement  Association,  of  15,  Dartmouth  Street,  \\'est- 
minster,  have  issued  an  interesting  report  of  the  present  position  and  possible 
future  of  concrete  roads  in  this  country.  It  is  written  by  Mr.  H.  Percy 
Boulnois,  M.I.C.E.,  etc.  We  have  already  drawn  attention  to  this  brochure, 
but  inasmuch  as  it  contains  a  splendid  guiding  specification  for  concrete  road 
construction  we  have  no  hesitation  in  aaain  callinp;  our  readers'  attention  to  it. 
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CHALK    AND    CEMENT 
BUILDING   BLOCKS. 


In  our  last  issue  tve  made  reference  to  the  use  of  chalk' as  an  aggregate  in  concrete,  and 
the  follotving  particulars  of  some  buildings  erected  of  chalk  andcement  blocks  may  interest 
many  of  our  readers.  — ED. 

A\  cxtremelv  interesting-  method  of  making  a  most  useful  block  or  brick 
for  the  rapid  and  economic  erection  of  structures  of  a  light  }et  perma- 
nent character  has  been  introduced  by  Capt.  A.  T.  O.  Quick,  R.E.,  and 
has,  we  understand,  been  patented.  The  primary  object  of  his  design 
is  to  produce  quickly  and  economically  buildings  of  bricks  and  standards 
made  from  a  composition  of  Portland  cement  and  chalk  in  the  propor- 
tion of  one  of  the  former  to  four  of  the  latter.  The  dimensions  of  the 
bricks  are  lo  in.  by  lo  in.  by  2  in.,  through  which  extend  open-ended  passages, 
so  that  the  brick  substantially  consists  of  two  walls  at  a  distance  apart  united 
at  the  ends  and  intermedially  by  webs.  They  are  built  up  in  bays  11  ft.  9  in. 
i)etween  columns,  which  are  8  in.  by  8  in.  in  section  reinforced  by  four  strands 
of  J-in.  iron.  The  foundations  are  of  cement  and  chalk  made  up  in  the  same 
proportion  as  the  bricks  and  well  rammed.  The  bricks  for  walls  are  made  in 
moulds  of  ten  to  a  mould.  The  chalk  is  crushed  to  a  powder  and  the  Portland 
cement  mixed  with  it  until  it  is  reduced  to  a  slurry  condition,  when  it  is  poured 
into  the  moulds  and  allowed  to  set.  Care  must  be  taken  to  ensure  that  no 
air  spaces  are  formed  in  webs  of  bricks.  A  damp  course  is  provided  by  two 
layers  of  ruberoid,  the  Ixjttom  course  being  solid  bricks.  The  roof  cxivering  is 
of  ruberoid  and  canvas  on  suitable  light  wooden  frames  in  piinels,  thus 
using  a  minimum  amount  of  timber.  The  floor  can  be  either  wood  or  chalk 
concrete  as  desired  ;  if  of  wood,  the  floor  is  so  arranged  as  to  be  quite  inde- 
pendent in  order  to  minimise  the  effects  of  vibration  on  walls. 

This  type  of  building  provides  useful  accommodation  for  barrack  huts, 
hospitals,  stores,  and  workshops,  and  by  extending  it  laterally  the  grooved 
columns  allow  spaces  to  be  partitioned  off  as  desired.  The  buildings  are  free 
from  damp  aind  draughts,  tire-.resisting,  and  very  clean.  It  is  stated  that  a 
building  72  ft.  by  16  ft.  can  be  erected  complete  in  the  days,  and  at  the 
present  price  of  materials  works  out  at  a  quarter  the  cost  of  a  similar 
construction  made  of  wood  and  iron. 

That  a  very  marked  success  has  been  obtained  by  Capt.  Ouick  will  be  seen 
on  reference  to  the  photographs  of  some  of  the  buildings  which  he  has  erected 
in  France,  and  which,  together  with  the  plan,  fully  I'llustrate  the  fact  that  the 
practical  utility  of  the  chalk  brick  has  already  been  placed  bevond  the  region  of 
experiment. 
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CHALK  AND  CEMENT  BUILDING  BLOCKS. 

In  these  days  concrete  is  playing^  such  an  ever-increasing  part  as  a  sound 
and  reliable  substitute  for  a  vast  number  of  old-time  building"  materials,  there- 
fore it  is  more  than  interesting  to  record  the  introduction  of  the  "  Quick  Block.  ' 
We  are  informed  they  have  stood  well  the  severe  weather  conditions  of  the 
winter  and  that  the  buildings  erected  with  these  blocks  are  much  appreciated 
by  those  who  live  in  them,  being  warm  and  dry. 


Figs.  2  & 


General  View  of  Completed  Buildings. 


From  the  foregoing  ample  evidence  is  given  that  even  with  such  an  aggre- 
gate a*  pow^dered  chalk,  which  many  would  have  discarded  as  useless,  if  mixed 
in  the  right  proportions  with  Portland  cement,  a  very  useful  concrete,  suitable 
under  certain  conditions,  can  be  made  for  the  class  of  work  referred  to. 
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CONCRETE  COTTAGES. 

A  Book  Review. 

TTie  Book  that  has  recently  appeared  under  the  title  "  Concrete  Cottages  "  is  a  valuable 
contribution  to  the  present-day  discussion  of  the  Housing  Problem.  —  ED. 


This  book  has  been  prepared  and  published  for  the  purpose  of  giving  useful 
and  reliable  information  as  to  the  use  of  concrete  for  cottages  and  other  small 
buildings.  The  problem  of  the  cheap  and  well-built  cottage  is  daily  becoming 
more  pressing,  while  the  use  of  concrete  is  becoming  more  extensive,  and  there 
is  no  doubt  that  considerable  scope  exists  for  the  use  of  this  material  in 
cottage  work  if  its  possibilities  are  thoroughly  understood. 

The  first  chapter  of  this  volume  deals  with  the  application  of  the  various 
types  of  concrete  construction  to  cottages  generally,  and  the  methods  to  be 
employed  and  the  merits  of  the  different  types  are  discussed.  Notes  a're  given 
on  the  construction  of  walls,  floors,  roofs,  staircases,  sills,  doorsteps,  lintels, 
and  gutterings,  with  diagrams  showing  the  different  parts,  and  illustrations 
are  introduced  of  actual  cottages  Avhich  have  been  erected  wherein  such  con- 
struction occurs.  A  small  section  is  devoted  to  the  important  question  of 
labour-saving  devices,  as  thi?  must  not  be  overlooked  in  the  planning  and 
equipment  of  the  modern  cottage. 

The  second  chapter  shows  how  concrete  can  be  successfully  applied  to 
different  classes  of  small  buildings  other  than  cottages,  including  small  garages, 
cowhouses,  stables,  bams,  and  farm  buildings  generally,  and  illustrations  are 
given  of  work  that  has  been  executed  with  the  material. 

As  the  volume  is  essentially  a  practical  one,  and  intended  for  the  use  of 
builders  as  well  as  estate  owners  and  architects,  a  chapter  is  introduced  which 
gives  some  general  information  on  the  execution  of  the  work  both  in  the  yard 
and  on  the  site.  Block-making  is  described  in  detail  as  being  one  of  the 
most  important  sections  of  the  work,  and  the  questions  of  plant,  supervision, 
and  organisation   are  dealt  with. 

A  special  chapter  is  deAOted  to  designs  for  cottages,  many  of  these  being 
examples  which  have  been  actually  erected,  while  the  remainder  show  the. 
plans  and  sections  of  buildings  which  have  been  specially  prepared  for  execu- 
tion in  concrete,  and  these  should  prove  very  useful  to  those  who  have  not 
ha!d  previous  experience  in  this  class  of  work. 

Concrete  tiles  find  fence-posts  have  become  an  important  section  of 
concrete  manufacture,  and  the  last  chapter  gives  a  detailed  description  of  the 
manner  in  which  such  articles  are  made,  the  matter  including  the  different 
kinds  of  roofing  and  flooring  tiles — among  the  latter  being  concrete  mosaic 
tiles — and  all  the  types  of  fence-posts  in  general  use. 

The  book  is  well  illustrated  throughout  with  drawings  and  photographs, 
and  it  is  hop>ed  that  it  will  be  of  service  to  the  large  number  of  persons  who  are 
interested  in  the  erection  of  cottages  and  other  small  buildings,  as  it  deals 
with  the  class  of  work  and  the  material  which  are  daily  becoming  more 
important. 

*  Concrete  Cottages,  Small  Garages,  and  Farm  Buildings.     Edited  by  Albert  Lakeman. 
M.S. A.,  M.C.I.     London:   Concrete  Publications,   Ltd.,  4,   Catherine   Street,   Aldwj'ch,  W.C. 
170  pp.  +  xii.     Price  53.  net. 
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Coniinued  from  last  issue. — ED. 

Unreinforced  concrete  structures  are  subject  to  disintegration  by  the  action 
of  sea  water  irrespective  of  location.  Unmistakable  evidences  of  deterioration 
have  been  observed  upon  structures  along-  all  the  coasts  of  the  United  States 
as  well  .as  those  of  Canada,  Cuba,  and  European  countries.  As  a  rule,  the 
failure  of  a  concrete  structure  in  sea  water  has  been  explained  on  the  ground 
that  the  concrete  has  been  of  poor  quality.  It  is  a  fact  that  wrong  design, 
poor  materials,  and  improper  methods  of  construction  will  often  lead  to  rapid 
disintegration,  but  even  the  best  of  concrete  will  be  chemically  attacked  aftei 
the  surface  has  been  appreciably  abraded.  In  addition  to  the  chemical  dis- 
integration which  occurs  to  both  plain  and  reinforced  concrete  if  abraded  then 
occurs  a  quite  distinct  physical  deterioration  of  reinforced  concrete  due  to  the 
corrosion  of  the  embedded  metal.  This  will  be  discussed  in  a  subsequent 
article. 

Deterioration  of  plain  concrete  may  be  due  to  several  causes,  but  the 
underlying  one,  which  is  chemical  disintegration,  cannot  take  place  unless  tho 
origimal  surface  of  the  concrete  as  moulded  is  first  abraded  or  eroded  from 
mechanical  means. 

WHY  CONCRETE  IS  ATTACKED   BY  SEA  WATER.. 

One  of  the  main  constituents  of  cement  is  lime.  When  the  green  concrete 
is  placed  in  the  forms  the  lime  of  the  cement  at  or  near  the  surface  is  in  a  forni 
to  combine  readily  with  carbon  dioxide  in  the  atmosphere.  Thus  there  is 
formed  at  the  surface  and  for  a  slight  depth  in  the  mass  lime  carbonate  (lime- 
stone), which  is  practically  insoluble  in  sea  water.  This  layer  or  skin  ol 
insoluble  material  acts  as  an  armour  or  protection  to  uncarbonated  cement  in 
the  interior  of  the  mass.  If  concrete  is  deposited  in  water  it  is  not  exposed  to 
the  air,  but  there  is  sufficient  carbon  dioxide  in  the  water  to  carbonate  the  lime 
at  the  surface,  and  the  same  result  is  obtained. 

If  this  is  true,  why  does  not  the  lime  of  the  cement  in  the  interior  of  the 
concrete  carbonate  in  a  similar  manner  when  exposed,  due  to  accidental 
abrasion  of  the  surface?  The  reason  is  that  as  cement  hydrates  over  a  f>eriod 
of  months  in  the  interior  of  a  mass  of  concrete  where  not  exposed  to  carbon 
dioxide,   the   lime   which    is   freed  as  the   cement  ages    is  changing   from  the 


H7 


CONCRETE  IN  SEA    WATER.  [CDNCRETE] 

amorphous  to  the  large  crystalline  form.  On  account  of  its  relatively  slower 
rate  of  solution  in  water  than  amorphous  lime  this  crystalline  form,  which  is  a 
hydroxide,  does  not  react  appreciably  with  the  limited  amount  of  carbon  dioxide 
present.  When  the  sea  water  comes  in  contact  with  the  lime  in  its  crystalline 
form  the  lime  is  dissolved  and  passes  into  solution  largely  as  calcium  sulphate, 
the  magnesium  salts  of  the  sea  water  being  precipitated  as  magnesium 
hydroxide,  which  is  practically  insoluble.  The  dissolving  of  the  uncarbonated 
lime  will  continue  until  the  cement  is  completely  disintegrated. 

Analysis  of  disintegrated  concrete  shows  the  lime  content  to  be  very  much 
reduced  and  the  magnesia  content  increased.  \\'hen  concrete  is  placed  in  sea 
water  some  magnesium  hydroxide  is  precipitated  on  the  surface.  This  coating 
may  become  very  hard  in  time,  and  if  not  abraded  act  as  a  further  protection  to 
the  concrete. 

OUTER  SKIN   MUST  BE  PROTECTED   AGAINST   ABRASION. 

Assuming  this  explanation  to  be  true- — and  it  is  supported  by  the  physical, 
chemical,  and  microscopic  studies  which  have  been  made — it  is  quite  evident 
that  if  the  outer  skin  can  be  protected  against  mechanical  abrasion  the  per- 
manency of  the  structure  is  assured  against  chemical  disintegration. 

This  chemical  action,  therefore,  is  not  confined  to  any  particular  locality, 
but  occurs  in  the  tropics  as  w'ell  as  in  the  cold  climates.  The  action  is  far  more 
rapid  in  the  latter  case  owing  largely  to  the  mechanical  erosion  from  frost. 
Generally  in  warm  waters  the  action  is  so  retarded,  especially  if  the  quality  of 
the  concrete  is  good,  that  no  apprehension  should  be  felt.  The  disintegration 
proceeds  at  a  very  slow  rate  where  there  is  no  frost  or  severe  mechanical  erosion 
to  remove  the  softened  material. 

There  is  a  concrete  sea  wall  on  the  Pacific  Coast  in  a  locality  where  the 
winter  climate  is  very  mild  which  serves  as  an  excellent  example.  This  wall, 
shown  in  Fig.  3,  was  built  about  seven  years  ago.  The  top  of  the  wall  is  18  ft. 
above  mean  low  water,  but  one  short  section  w^as  depressed  so  that  car  barges 
can  dock. 

Some  time  after  the  completion  of  the  wall  it  was  found  that  the  depressed 
section  was  about  12  in.  too  high,  and  a  layer  of  concrete  of  this  thickness  was 
removed,  leaving  an  abraded  surface  which  is  covered  at  half-tide.  This 
surface  has  softened  to  a  depth  of  |  in.,  but  the  vertical  front  face  of  the  wall 
just  below  the  abraded  surface  is  hard  and  in  perfect  condition;  in  fact,  this 
surface  which  was  cut  away  is  the  only  part  of  the  wall  which  show^s  any  signs 
of  chemical  action.  As  there  is  very  little  wave  action  and  no  ice  in  this 
locality  the  disintegration  is  slow,  for  the  softened  material  is  not  rapidly 
removed,  and  a  fresh  surface  is  not  continually  exposed. 

The  characteristic  softened  and  laminated  condition  due  to  chemical  action 
was  observed  in  other  localities  along  southern  coasts. 

FREEZING  WATER    ACCELERATES   DECAY. 

In  northern  latitudes  where  the  concrete  surface  is  abraded  by  ice  in 
addition  to  the  action  of  waves,  vessels,  and  floating  debris,  and  where  the 
water  freezing  in  the  pores  removes  the  decomposed  surface  so  that  fresh 
cement   is   constantly    exposed   to   sea    water,    the    chemical    disintegration    is 
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accelerated  and  proceeds  at  a  rapid  rate  if  the  outer  skin  has  been  destroyed. 
When  concrete  is  acted  upon  chemically  by  sea  water  there  is  a  typical  lamina- 
lion  and  softening-  of  the  mortar,  so  that  the  coarse  agg^reg^ate  can  be  removed 
easily. 

Fig.  4  is  a  photograph  of  a  specimen  of  disinteg-rated  concrete  removed 
from  a  sea  wall  which  had  been  exposed  to  sea-w^ater  action.  The  loosened 
ag^gregate  and  laminated  condition  is  typical.  The  mortar  becomes  like  so 
much  soft  putty  or  clay  containing^  grit.  As  soon  as  the  outer  skin  is  abraded 
even  to  a  slig^ht  depth  the  disinteg^ration  starts,  and  it  will  spread  from  a 
softened  section  under  the  hard  surface  skin  of  the  adjoining  sound  concrete. 
Where  this  has  occurred  the  outer  layer  can  be  picked  off  with  the  fingers,  and 
while  the  surface  which  was  most  exposed  is  hard  and  secure,  the  underside  is 
softened  owing  to  the  disintegration  progressing-  from  an  adjoining  affected 
section. 

it  is  obvious  that  if  chemical  disinteg^ration  does  not  occur  unless  preceded 
by  mechanical  erosion  deterioration  will  generally  be  confined  to  those  parts  of 
the  structure  above  the  elevation  of  low  water.  The  concrete  below  water  is 
practically  immune  from  attack  unless  it  has  been  placed  carelessly  or  unless 
the  forms  leaked  to  such  an  extent  that  loose  stone  pockets  were  formed.  In 
such  cases  the  scouring  action  of  the  current  may  soon  undercut  the  concrete. 
There  are  a  number  of  structures  which  have  settled  and  cracked  from  this 
cause. 

Concrete  bulkhead  walls  have  been  built  in  New  York  Harbour  at  various 
periods  from  1879  to  the  present.  The  construction  consists  of  massive  blocks 
which  are  entirely  submerged.  The  exposed  section  of  the  wall  is  of  granite. 
In  1912,  due  to  some  alteration,  several  blocks  which  had  been  placed  in  1902 
were  removed.  The  concrete  showed  no  sig^ns  of  deterioration.  Here  is  excel- 
lent evidence  that  the  disinteg-rating"  action  of  sea  water  does  not  normally  occur 
below  low  w'ater. 

Concrete  structures  which  are  subjected  to  sea-water  action  must  usually 
be  built  where  there  is  a  rising-  and  falling  tide.  The  common  practice  has  been 
to  place  the  concrete  below  low  water  in  a  cofferdam  or  by  means  of  a  bottom- 
dump  bucket  or  tremie.  The  concrete  above  the  elevation  of  low  water  is 
placed  in  forms  which  are  usually  not  watertig^ht.  When  the  water  drops  to 
the  lowest  elevation  the  work  of  depositing-  the  concrete  is  started  and  carried 
up  as  fast  as  possible.  Usually  the  tide  rises  faster  than  the  concrete  can  be 
broug-ht  up,  and  w^hen  the  water  reaches  the  elevation  of  the  uncompleted 
section  the  placing-  of  concrete  Is  discontinued  until  the  tide  falls  again  below 
this  point.  When  the  water  recedes  there  is  always  found  a  layer  of  soft 
chalky  material  covering  the  top  surface  of  the  concrete. 

LAITANCE  COMES   FROM  TWO  SOURCES. 

This  soft  material  comes  from  two  sources.  Part  of  it  is  cement,  some 
of  which  rises  to  the  surface  of  the  concrete  when  an  excessive  amount  of  water 
has  been  used  in  mixing,  and  part  of  it  is  magnesia  which  has  been  precipitated 
from  the  sea  water  during  submersion.  The  relative  amounts  of  these  con- 
stituents and  the  thickness  of  the  layer  are  dependent  upon  a  number  of  factors, 
such  as  consistency  used,   exjxDsure  conditions,   methods  of  placing-  concrete, 
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Surface  tooled  oft  for  artistic  effect. 


and  fineness  of  cement. 
If  the  surface  is  not 
thoroughly  cleaned  of 
this  soft  material  before 
the  placing-  of  the  con- 
crete is  resumed  a  seam 
is  formed.  Such  a  con- 
dition is  seen  in  Fig.  5. 
In  a  very  large  number 
of  the  conciete  struc- 
tures along  our  coasts 
these  seams  exist,  and 
often  they  are  2  in.  or 
more    thick. 

This  soft  layer  is 
particularly  susceptible 
to  attack  by  abrasive 
■iction,  and  as  soon  as  it 
is  removed  to  even  a 
light  depth  the  adjoin- 
ing     surfaces      of       the 

concrete  are  exposed  to  the  chemical  action  of  the  sea  water.     As  a  consequence 

disintegration  very  frequently  begins  at  one  of  these  construction  seams. 

The  methods  to  be  used  to  insure  the  stability  of  unreinforced  concrete  in 

sea  water  are  dependent   upon   local   conditions,   but   there   are    a  number   of 

principles  of  general  application  which  should  be  followed.     The  design  of  the 

structure   should    be   such  ^     _         .,  _  ^,, 

that  it  will  as  far  as  {X>s- 

sible  offer  the  least  opp>or- 

tunity     for    abrasion      or 

erosion.        Sharp    corners 

and      edges      should      be 

avoided,     for     these     chip 

easily.     An     example     of 

f>oor     design      from     this 

standpoint     is     shown     in 

Fig.  6.      A   pier   structure 

with  successive   arches   is 

defective   in    that   a   large 

surface     is     unnecessarily 

exposed    to   abrasion    and 

chemical       attack      where 

most      vulnerabk\        This 

could      be      obviated       by 

either  raising  the  arch  so 

that     the    springing     line 

would      be      above      his^h 


Fiii.  9.     Round  Piles,  not  easily  abraded. 
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water  or  lowering  it  so  that  the  soffit  at  crown  would  be  below  low  water.  If 
neither  is  possible  some  other  design  should  be  employed.  An  adequate  fender 
svstem  which  would  prevent  floating  material  getting  under  the  arch  would  aid 
greatly  in  preserving  the  structure  if  the  design  is  used. 

The  toe  of  the  wall  shown  in  Fig.  7  has  sloughed  off  at  the  edges  and  the 
concrete  has  softened.  The  abrasion  at  this  point  was  followed  by  chemical 
disintegration,  which  in  turn  made  the  softened  concrete  more  easily  abraded. 
Much  of  this  would  have  been  avoided  if  the  exposed  edges  had  been  rounded. 


Fig.  11.    Granite  Block  facing  as  protection  to  eroded  concrete. 

CON'CRETE    IN    SeA   WaTER. 

The  sea  wall  shown  in  Fig.  8  was  given  special  surface  treatment,  which 
resulted  in  starting  chemical  disintegration.  In  order  to  give  an  artistic 
appearance  to  this  wall  the  surface  was  tool  dressed.  This  of  course  removed 
the  outer  skin,  and  as  a  result  softening  of  the  concrete  occurred  within  a  very 
few  years  after  the  work  was  completed.  Such  practice  should  be  avoided,  for 
the  most  invulnerable  part  of  the  structure  is  destroyed  as  far  as  its  resistance 
to  chemical  action  by  sea  water  is  concerned. 


CSTcS^ffiTJerioSas  CONCRETE  IN  SEA    WATER. 

The  piles  used  in  the  wharf  shown  in  Fig.  9  are  of  excellent  design  to 
resist  abrasion.  The  round  shape  affords  less  possibility  of  chipping  than  any 
other.  Even  round  piles,  however,  may  be  abraded  by  vessels  or  floating 
fende*"  logs  rubbing  against  them. 

Joe  floating  on  the  surface  of  the  water  frequently  causes  chipping  of  such 
piles,  and  a  good  example  of  this  was  seen  under  one  of  the  pleasure  piers  on 
the  New  Jersey  coast.  During  a  severe  winter  considerable  ice  formed  and 
the  waves  and  current  threw  it  against  the  piles  with  sufficient  force  to  cut 
the  surface.  The  piles  were  round  in  this  case,  which  probably  minimised  the 
action.  Where  the  outer  skin  was  removed  the  concrete  beneath  softened.  A 
jacket  of  metal  or  creosoted  wood  covering  the  piles  between  high  and  low  water 
would  have  afforded  excellent  protection  and  prevented  the  trouble. 


Fig.  12.     Wood  jackets  used  to  protect  piles.  Fi^.  13.    Wood  casing  around  pier  to  prevent  deterioration. 

Concrete  in  Se.\  Water. 

There  is  a  concrete  sea  wall  on  the  middle  Atlantic  coast  whicli  oft'ered  an 
interesting  study  of  the  comparative  effect  of  sea  water  on  protected  and 
unprotected  sections.  This  wall  extends  at  an  angle  into  the  harbour,  and 
near  the  outer  end  is  a  wooden-pile  wharf  which  covers  part  of  the  wall.  The 
piles  serve  as  an  excellent  fender,  preventing  any  abrasive  action  on  the  part  of 
the  wall  they  cover.  During  the  winter  months  there  is  considerable  ice  in  this 
harbour,  and  the  unprotected  part  of  the  wall  has  been  deeply  cut  and  the 
cona^ete  disintegrated  to  such  an  extent  that  frequent  repairs  have  been  neces- 
sary.    The  protected  section  has  not  been  injured  in  the  slightest  degree. 

A  Canadian  engineer's  early  appreciation  of  the  need  of  protecting  his 
concrete  wharfs  against  abrasion  from  ice  saved  much  future  trouble  for  him- 
self and  prevented  loss  to  the  owners.  The  wharf  is  in  a  harbour  where  during 
ihe  winter  months  considerable  ice  forms.      Square  concrete  piles  were  used,  as 
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shown  in  Fig.  lo.  After  the  first  winter  it  was  found  that  the  surface  of  many 
of  the  piles  was  eroded,  and  where  this  occurred  the  cement  had  softened. 
Wood  jackets  were  at  once  placed  around  the  piles.  These  jackets  extended 
from  below  the  low-water  line  to  the  top  of  the  pile  and  prevented  any  further 
erosion  of  the  concrete.  As  can  be  seen  from  the  view  shown  in  Fig.  12,  the 
wood  jackets  are  being-  frayed,  especially  at  the  corners,  but  these  can  be  easily 
replaced  at  comparatively  small  cost. 

PROTECTIVE  COVERS  PREVENT  DESTRUCTION. 

Well  made  concrete  when  properly  protected  from  abrasion  will  resist  the 
disintegrating^  action  of  sea  water  even  in  localities  where  the  winters  are 
severe.  In  1889  a  number  of  large  concrete  bridg-e  piers  were  built  along-  the 
Bay  of  Fundy  in  connection  with  the  construction  of  the  Dominion  Atlantic 
Railway.  The  tide  rises  29  ft.  or  more  and  there  is  a  very  rapid  current. 
There  is  not  a  great  deal  of  ice  on  the  water,  as  no  fresh  water  tributaries  of 
consequence  empty  into  the  bay  near  these  structures.  What  ice  and  floating 
debris  there  is,  however,  strikes  the  ,piers  with  considerable  force.  The 
engineer  who  built  these  piers  felt  that  it  would  be  wise  to  protect  the  concrete 
from  abrasion,  especially  those  in  the  most  exposed  position.  He  used  wood 
sheathing-  held  in  place  with  iron  hoops.  In  191 4  an  examination  was  made  of 
these  piers.  The  wood  sheathing-  was  completely  removed  from  one  of  the  piers 
and  the  concrete,  as  shown  in  Fig.  13,  was  found  in  perfect  condition.  There 
were  no  sig'ns  of  softening,  and  the  form  marks  were  still  visible  on  the  surface. 

Along-  our  New  England  coast  the  conditions  of  exposure  are  very  severe. 
There  is  heavy  wave  action  in  many  localities,  and  concrete  walls  are  often 
called  upon  to  withstand  the  shock  from  boulders  thrown  up  by  the  sea. 
Frequently  marine  structures  are  located  near  where  fresh  water  streams  empty 
into  the  bay.  As  a  cx>nsequeince  large  quantities  of  ice  abrade  the  surface  of 
the  concrete,  and  this,  together  with  the  water  freezing-  in  the  pores,  causes  rapid 
deterioration. 

Where  such  rig-orous  conditions  exist  it  is  advisable  to  protect  the  concrete 
with  a  granite  facing  if  permanency  is  to  be  insured.  This  has  been  done  in  a 
number  of  instances  w^ith  successful  results.  In  this  locality  repairs  can  usually 
be  made  best  by  this  method.  The  sea  wall  shown  in  Fig.  11  was  badly  under- 
cut after  a  few  years  of  exposure,  and  a  g-ranite  block  facing  was  used  to  restore 
it.  In  this  instance  the  original  concrete  was  of  poor  quality,  for  methods  of  con- 
struction were  followed  which  will  not  g-ive  satisfactory  results  for  marine  work. 

The  conditions  which  concrete  structures  in  sea  water  are  called  upon  to 
resist  are  most  severe,  land  only  concrete  of  the  best  quality  placed  with  the 
utmost  care  should  be  used.  If  this  is  done  and  the  concrete  is  properly  pro- 
tected by  adequate  fender  systems,  a  permanent  structure  can  be  secured. 

To  sum  up  the  subject  in  a  few  words,  well  made  concrete  properlv  placed, 
if  not  subjected  to  mechanical  abrasion  or  erosion,  is  permanent  in  sea  water. 
If  the  structure  is  so  located  that  the  concrete  would  under  natural  conditions 
be  exposed  to  mechanical  abrasion,  chemical  disintegration  can  be  prevented 
only  by  the  provision  of  a  fender  system  or  other  protecting  medium.  Dis- 
mtegration  by  chemical  action  will  be  very  slow  unless  there  is  frost  action  or 
appreciable  mechanical  abrasion  continually  to  remove  the  decomposed  cement 
products  as  they  are  formed. 
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By  THOMAS  POTTER. 
A  Practical  Guide  to  the  General  Use  of  Concrete. 

(Continued) 

We  mould  again  call  the  attention  of  oar  readers  to  this  series  of  articles,  ptiblishea 
specially  for  those  mho  -wish  to  employ  concrete  for  the  man\  articles  needed  on  the  farm, 
the  estate,  in  the  garden,  etc.,  and  for  "which  concrete  is  so  admirably  adapted,  although 
its  possibilities  in  this  direction  have  not  been  fully  realised  in  this  country. — ED. 


III. 
GRADING  THE  AGGREGATE. 

The  size  of  the  ag-gregate  is  an  important  feature  in  connection  with  the  density 
of  the  concrete,  and  as  a  result  in  its  strength  and  impermeability.  It  is 
scarcely  feasible  to  expect  equal  density  with  a  coarse  ag-greg-ate  in  6-in.  and 
i2-in.  walls  respectively.  In  the  former  there  is  insufficient  space  between 
the  enclosing-  boards  or  forms  for  the  smaller  portions  to  slide  into  place  and 
interlock  with  the  larger,  as  there  would  be  in  the  latter.  The  London  County 
Council  in  their  regulations  make  no  distinction  in  this  resj^ect,  but  say : 
"  The  concrete  shall  be  composed  of  one  part  of  cement,  two  parts  of  sand  of 
a  sharp,  siliceous  nature,  and  four  of  coarse  material,"  the  cement  being 
increased  where  the  requisite  resistance  or  pressure  exceeds  certain  limits,  and 
that  the  coarse  material  shall  pass  a  f-in.  square  mesh  and  the  fine  remain  on 
a  A-in  mesh.  If  these  conditions  were  made  to  apply  to  country  districts  they 
would  prevent  much  concrete  building".  Sand  of  this  description  is  only  obtain- 
able in  neighbourhoods  few  and  far  between,  and  where  the  haulag"e  would  be 
considerable  and  the  cost  as  well. 

To  eliminate  the  aggregate  that  would  not  pass  a  J-in.  mesh  would 
mean  in  most  cases  a  large  percentage  of  waste.  The  addition  of  sand, 
in  my  experience,  is  unnecessary ;  all  the  agg-regates  named  either  contain 
sufficient  sandy  size  particles  in  their  natural  state  or,  if  crushed,  the  crusher 
can  be  set  to  produce  sufficient.  \  have  never  yet  found  occasion  to  add  sand, 
nor  have  done  unless  it  was  sp>ecified.  If  an  ag'g'regate  is  of  a  suitable  nature 
to  make  good  concrete  and  to  combine  with  lime  or  cement  the  sand  size 
element  must  be  equally  as  suitable.  That  from  boiler  ashes,  slag,  or  brick 
ddbris,  if  washed  and  the  fine  portions  eliminated,  makes  cement  mortar  stronger 
than  most  pit  or  river  sands.  Where,  however,  the  sandy  element  in  the 
aggregate  is  absent  it  is  necessary  to  add  sufficient  to  secure  density,  but 
bearing  in  mind  that  the  greater  the  volume  of  sand  the  weaker  the  cement 
mortar. 

My  usual  practice  has  been  to  grade  the  aggregate  for  12-in.  walls  and  over 
from  2  in.  down  to  coarse  sand  size,  9-in.  walls  i^  in.,  and  under  9  in.  an  inch 
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or  f  in.  to  coarse  sand  size,  and  walls  built  from  this  formula  have  invariably 
been  weatherproof,  and  density  must  therefore  have  been  attained. 

Mr.  Feret,  an  American  engineer,  read  a  paper  on  "  Concrete  "  before 
the  American  Society  of  Eng-ineers,  and  which  was  published  in  their 
Proceedings,  \"ol.  XXXIIL,  and  said:  "To  obtain  the  greatest  strength  it  is 
advisable  to  increase  as  much  as  p>ossible  the  size  of  the  aggregate  and  diminish 
the  finer  grains.  The  largest  aggregate  makes  the  densest  concrete.  An 
aggregate  with  a  maximum  diameter  of  2J  in.  proved  to  be  denser  than  an 
aggregate  of  i-in.  maximum  diameter.  Permeability  is  less  as  the  maximum 
size  of  the  aggregate  is  greater.  Concrete  with  a  maximum  size  aggregate  of 
2 J  in.  is,  in  general,  less  permeable  than  a  i-in.  maximum  and  i-in.  maximum 
less  than  ^  in."  These  results  were  obtained  from  a  large  number  of 
experiments.  IV. 

THE    MIXING    AND    MAKING    OF    CONCRETE. 

No  matter  what  the  purpose  may  be  for  which  concrete  is  to  be  used,  its  full 
value  can  only  be  obtained  and  sound  work  secured  when  the  following 
conditions  are  adhered  to  :— 


Fig.  1.     Concrete  Measure. 

1.  The  aggregate  should  be  graded  with  as  much  care  as  possible  and 
washed  clean. 

2.  The  aggregate  and  matrice  should  be  accurately  proportioned  and 
thoroughly  mixed. 

3.  Clean  water,  quite  free  from  any  impurities,  should  be  used  for  mixing. 

4.  The  concrete  should  be  deposited  in  place  before  initial  set  commences, 
approximately  not  exceeding  half  an  hour  in  summer  and  one  hour  in  winter. 

A  mixing  board  about  10  ft.  square  is  necessary  for  mixing  three-quarters 
to  a  cubic  yard  of  aggregate  at  a  time.  It  should  have  light  ledges  on  the 
under  side  at  each  end. 

It  should  be  laid  to  a  fall  of  about  i  in.  to  2  in.,  with  a  sump  hole  or  catch- 
trough  at  the  low  end  to  enable  the  water  in  washing  to  carry  thereto  the  dust 
and  fine  grit  without  taking  with  it  the  coarse  sandy  element.  The  mixing 
board  may  be  in  two  halves,  to  facilitate  removal. 

The  bottomless  measure  {Fig.  i),  having  been  placed  at  the  upper  end  of 
the  board,  is  filled  with  the  aggregate.  A  man  at  each  corner  lifts  it  off,  and 
two — one  at  each  side  of  the  heap  (Fig.  i) — turn  over  the  aggregate  with  their 
shovels,  while  a  third  man  rakes  it  about  with  a  two-pronged  fork  similar  to 
that  used  for  intermixing  hair  in  making  plastering  mortar,  while  the  fourth, 
standing  at  the  back  of  the  heap,  adds  water  from  a  coarse  rose  water-pot. 
The  shovellers  should  turn  over  the  contents  of  their  shovels  with  a  wrist  turn, 
not  dump  it  down  in  the  same  position  as  lifted.  If  once  washed  is  insufficient, 
it   should  be  repeated  and  the  measure  then  placed  at  the  upper  end  of  the 
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mixing-  board  and  refilled  with  the  washed  aggregate.  The  cement  is  then 
placed  on  the  aggregate,  the  measure  lifted  off  by  a  man  at  each  corner,  and 
the  materials  mixed  as  previously  described,  but  dry,  followed  by  mixing  twice 
wet  in  the  same  way  as  ior  washing.  The  amount  of  water  necessary  depends 
upon  whether  the  aggregate  is  dry  or  wet,  absorbent  or  non-absorbent.  In  a 
gene-'al  way  it  is  better  to  use  somewhat  too  much  water  than  too  little,  to 
enable  the  particles  to  more  readily  slide  into  position  when  being  deposited  in 
place,  as  cement  is  somewhat  slow  in  its  movements ;  in  this  respect  opposite  to 
lime.  Its  condition  should  be  what  is  generally  called  sloppy — i.e.,  sufficient 
water  should  be  employed  to  cause  the  aggregate  to  slide  into  place  readily, 
but  insufficient  to  carry  aw'ay  the  cement.  Cement  has  a  peculiarity  in  parting 
with  the  excess  of  water  unnecessary  for  mixing  with  sand  to  form  mortar ; 
this  may  be  proved  by  placing  some  sloppy  concrete  in  a  small  open  box  with 
a  number  of  small  holes  in  the  bottom  and  through  which  colourless  water 
will  pass.  Similarly  water  will  drip  through  the  joints  of  the  boards  of  the 
temporary  platform  on  which  concrete  is  being  deposited  for  a  suspended  floor, 
and  which  p>ossesses  an  alkaline  taste. 

No.  58  Technologic  Paper  of  the  American  Bureau  of  Standards  contains 
the  following: — "  The  most  satisfactory  consistency,  as  the  results  of  the  tests 
(about  20,000),  from  the  standpoints  of  strength  and  durability,  is  a  quaking  or 
mushy  mixture,  and  the  error  should  be  on  the  side  of  allowing  too  little  rather 
than  too  much  water,  providing  it  is  properly  spaded  or  worked  into  place  on 
the  joins." 

Cement  is  sold  by  weight,  but  sacks  are  usually  assumed  to  hold  two 
bushels  when  filled  at  the  works,  but  somew-hat  less  on  delivery  owing  to  com- 
pression in  haulage,  but,  if  taken  at  two  bushels,  the  size  of  the  aggregate 
measure  can  be  readily  ascertained  by  multiplying  the  proportion  of  the 
aggregate  by  two.  Thus  a  i — 8  mixture  requires  the  measure  to  hold 
8x  2  =  16  bushels. 

The  process  described  for  washing  the  aggregate  and  mixing  the  materials 
will  appear  apparently  to  incur  a  considerable  amount  of  labour.  Practically  it 
is  otherwise. 

A  hand  power  revolving  machine  for  washing  and  mixing  the  materials  Is 
not  so  effectual,  except  for  small  quantities,  and  a  power  mixer  is  out  of  the 
question  and  is  costly,  except  for  extensive  works. 

V. 

FOUNDATIONS. 

Concrete  for  foundations  should  have  either  ground  lias  lime  or  cement  as  a 
matrice,  the  proportion  of  the  former  about  i — 6  and  the  latter  i — 10  for 
buildings  of  a  moderate  height.  Ground  hydraulic  lime  can  be  obtained  at 
most  lime  works  of  any  importance. 

An  economical  arrangement  is  to  adopt  a  raft  foundation  in  place  of  the 
ordinary  class  of  wall  foundation. 

A  raft  foundation  consists  of  a  layer  of  cement  concrete  4  in.  to  6  in.  or 
more  in  thickness  coveting  the  entire  area  of  the  building,  and  on  which  the 
walls,  partitions,  and  chimneys  are  built.  Quarter  or  f-in.  iron  rods,  about 
6  in.  apart,  should  be  embedded  in  the  concrete  about  an  inch  from  the  under 
side,  and  upon  this  another  layer  of  similar  rods  at  right  angles  thereto. 

157 


CONCRETE  SIMPLIFIED.  [QQNCKETEj 

The  ends  of  the  rods  should  be  bent  up  or  down  a  little  at  the  ends. 

A  raft  of  this  description  forms  the  base  for  the  g^round  floor  or  paving, 
and  if  made  of  boiler  ashes  or  other  softish  material  ordinary  floor  boards  can 
be  nailed  thereto,  and  dry  rot  in  timbers  avoided. 

For  a  raft  the  proportion  of  materials  should  be  i — 6  or  i — 7.  The 
concrete  should  be  levelled  straig-ht  and  true,  and  if  wood  stumps  are  used  for 
the  purpose  they  should  be  withdrawn,  otherwise  they  may  acquire  dry  rot, 
and  possibly  transmit  it  to  any  adjacent  woodwork.  If  the  soil  is  loose,  or  has 
been  dug-  over,  the  loose  portion  should  be  removed  and  rough  core,  consisting 


nTrjTTTrprijn 


'^^^^ffs<'^'^^'^^-'\r'o'- 


Fig.  2.     Section  of  Wall  and  Raft  Floor. 

of  any  hard  material  broken  to  a  3-in.  g^aug-e  and  less,  well  rammed,  substituted. 
The  concrete  should  be  def>osited  on  a  base  or  core  of  similar  materials,  6  in.  to 
9  in.  in  depth,  broken  to  pass  a  2^-in.  mesh,  and  well  rammed  or  rolled  with  a 
heavy  iron  roller.  Previous  to  nailingf  boards  to  the  concrete  it  should  be 
straightened  with  cement  and  ashes  sand  i — 4,  and  allowed  to  g-et  quite  dry, 
or  dry  rot  will  probably  be  transm.itted  to  the  boards. 

As  the  floors  may  require  to  be  9  in.,  more  or  less,  above  the  surrounding 
ground,  sufficient  hard  core  or  bottoming-  must  be  used  to  allow  for  this  and 
also  to  excavate  trenches  and  concrete  below^  the  external  M'alls.     (.Fi^.  2.) 

Raft  foundations  have  been  used  for  many  years  past  on  very  loose  soil, 
and  with  success.  VI. 

WALLS. 

CoxcRETE  walls  are  of  various  descriptions,  but  usually  limited  to  solid  blocks, 
hollow  blocks,  slabs,  and  monolithic  called  in  America   "  poured  concrete." 

SOLID    BLOCKS. 

Blocks  can  be  cast  in  wood  moulds,  the  bottom,  called  the  pallet,  being 
placed  loose  in  the  mould.  The  inside  of  the  mould  should  be  brushed  over 
with  soft  soap  in  a  semi-liquid  state  or  with  Leeds  grease  or  a  non-drying-  oil 
and  paraffin  mixed,  to  prevent  adhesion  ot  the  concrete  to  the  mould.  If  a  fair 
surface  is  required  the  mould  should  be  skimmed  over,  after  the  oil  or  grease 
has  been  absorbed,  with  cement  or  cement  and  sand  mortar,  i — 2.  Blocks 
with  a  fair,  smooth  surface  require  the  ag-g-reg-ate  to  be  a  finer  grade  than  if 
only  rough  or  coarse  blocks  are  wanted,  or  the  arrises  will  be  rough  and 
jag-g-ed.  It  is  advisable  to  experiment  with  a  few  blocks  with  different  g^rades 
of  ag-g-reg^ate  before  fixing  on  the  one  to  be  used,  commencing  with  one  graded 
to  i-in.  mesh  down  to  coarse  sand.  The  wood  mould  is  liable  to  swell  and 
cast  from  the  effects  of  the  water  contained  in  the  concrete,  to  avoid  which  it  is 
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advisable,  where  a  large  number  are  required,  to  fix  sheet  iron  or  zinc  to  the 
inside  faces  of  the  four  sides.  The  divisions  and  the  pallet  or  the  entire 
mould  may  be  made  of  cast-iron.  Wood  clamps  or  cleats  are  neces- 
sary to  hold  the  parts  of  the  mould  together  and  prevent  the  concrete 
from  forcing  them  apart.  The  necessary  rebates  to  be  left  in  the  concrete  for 
door  and  window  frames  must  be  provided  for  when  the  blocks  are  being  made. 
A  mason  should  fix  the  blocks.  Ordinarv'  labourers  are  out  of  the  question  ){ 
good  work  is  to  be  obtained. 

FF» 


Fig.  3.     Block  Moulds. 

Fig.  3  is  a  plan  of  a  mould  of  this  description  for  making  three  blocks  at  a 
time,  but  more  can  be  made  if  required.  The  dimensions  of  the  mould  inside 
between  the  divisions  would  be  the  length  and  width  of  the  block,  and  the  depth 
the  thickness  of  the  block  plus  the  thickness  of  the  pallet.  The  mould  {Fig.  3) 
should  be  soaked  in  water  for  a  time,  or,  better  still,  covered  with  a  thick 
layer  of  wet  sawdust  for  twenty-four  hours  before  use,  to  prevent  warping  and 
twisting. 

If  a  smooth  face  is  required  the  pallet  should  have  a  thin  coal  of  cement 
and  sand,  one  and  one,  applied,  upon  which  the  concrete  is  placed  and  well 
tamped  or  pressed  as  it  is  being  deposited  in  place.  The  sides  of  the  moulds 
form  the  edges  of  the  blocks  and  do  not  usually  require  a  smooth  face- 

When  the  concrete  is  sufficiently  hard  the  wood  mould  is  liberated  and 
the  blocks  on  the  pallets  are  removed  until  such  time  as  the  latter  can  be 
taken  away  for  re-use,  and  the  blocks  stacked  to  season. 

The  moulds  should  be  cleaned  with  a  brush  of  any  particles  of  concrete 
that  may  have  adhered  thereto,  before  they  get  hard.  Any  imperfections  in  the 
blocks  should  be  made  good  with  cement.  The  pallets  or  bottoms  of  the 
moulds  should  fit  in  loose,  to  allow  for  swelling,  and  be  reversed  each  time  they 
are  used. 

HOLLOW    BLOCKS. 

Hollow  blocks  have  been  used  to  a  considerable  extent  esp>ecially  in 
America,  with  a  view  of  ensuring  dryness,  although  the  object  is  not  always 
attained.  Moulds  for  hollow  blocks  are  difficult  to  make  with  wood,  are 
troublesome  in  use,  and  as  a  rule  do  not  pay.  Special  machines  are  more 
satisfactory,  but  are  costly.      They  compress  the  material  more  effectually  than 
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can  be  done  by  hand.  Gravel  is  not  a  good  aggregate  for  either  solid  or  hollow 
blocks  owing  to  the  difficulty  of  cropping  or  cutting  them  to  form  closers  or 
for  other  purposes,  and  in  fixing  door  and  window  frames  thereto.  Where  an 
inconsiderable  number  of  hollow  blocks  are  required,  not  sufficient  to  permit 
of  purchasing  a  machine,  thev  should  be  obtained  from  a  manufacturer. 

SLABS. 

Slab  walls  usually  consist  of  cast  slabs  2  in.  to  3  in.  in  thickness  for  the 
external  and  internal  sides,  w'ith  a  2-in.  cavity  to  ensure  dryness,  and  the  two 
sides  tied  together  with  metal  wall  ties.  They  have  the  reputation  of  not 
always  being  damp-resisting  otherwise.  Slabs  are  generally  made  by  what  is 
known  as  the  dry  process — i.e.,  the  aggregate  is  of  coarse  sand  size  or  some- 
what larger,  and  only  sufficient  water  used  in  the  mixing  to  make  it  of  a 
plastic  condition,  so  that  if  squeezed  in  the  hand  it  will  retain  its  shape.  It  is 
called  the  dry  process,  in  contradistinction  to  concrete  made  in  the  ordinary 
way  and  called  the  wet  process.  In  a  general  w-ay  the  latter  makes  the 
densest  concrete,  and  is  more  weather-resisting.  The  advantage  of  the  dry 
process  is  that  castings  can  be  quickly  removed  from  the  moulds.  The  concrete 
should  be  deposited  in  the  moulds  in  small  quantities  and  be  well  tamp>ed.  The 
dry  process  is  applicable  to  blocks  as  well  as  slabs. 

Wood  moulds  answer  the  purpose  for  concrete  slabs,  but  are  better  faced 
Avith  sheet  iron  or  zinc,  and  better  still  if  cast-iron  is  substituted,  as  the  latter 
will  last  for  many  years.  Machines  made  specially  for  the  purjxvse  are  more 
suitable  and  compress  the  concrete  more  effectually,  but  are  expensive. 

If  silicate  of  soda  in  the  projKvrtion  of  ^  per  cent,  of  the  amount  of  cement 
used  is  added  to  the  water  it  hastens  the  hardening,  and  immersion  in  a  bath 
containing  5  or  16  per  cent,  of  silicate  effects  the  same  object.  Four  per  cent, 
of  calcium  chloride  increases  the  strength  and  hastens  the  hardening.  It 
should  be  dissolved  in  the  water  used  for  mixing  the  materials.  The  United 
States  Bureau  of  Standards  found  that  4  per  cent,  of  chloride  increased  the 
strength  of  cement  100  per  cent,  in  twenty-four  hours,  and  my  experiments 
gave  a  similar  result.  Silicate  of  soda  and  calcium  chloride  are  cheap  if 
purchased  in  considerable  quantities,  and  neither  Injures  the  concrete  so  far  as  is 
known. 

A  pallet  should  be  used  as  described  for  blocks,  and,  if  a  smooth  face  is 
wanted,  a  thin  coat  of  cement  and  sand  mortar  applied  thereto,  as  for  blocks. 
Imprisoned  air  in  the  soft  concrete  will  sometimes  cause  pinholes  on  the  surface 
of  castings,  and  these  should  be  stopped  with  neat  cement.  Where  a  large 
amount  of  cast  work  is  done  a  vibrating  trembler  is  used  to  expel  the  air,  but 
this  is  not  practicable  on  a  small  scale. 

The  proportion  of  materials  is  usually  i — 3  to  i — 5,  but  it  is  advisable 
to  make  two  or  three  specimens,  to  ascertain  the  best  results.  The  usual  size  is 
24  in.  X  9  in.  When  removed  on  the  pallets  the  slabs  should  remain  thereon 
until  hard  enough  to  be  released  and  stacked  away  in  the  open  air  or  in  a 
building  protected  from  the  sun's  rays. 

Fig.  3  applies  to  slab  moulds  as  well  as  block  moulds. 

(To  be  continued.) 
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Memoranda  and  Netus  Items  are  presented  under  this  heading,   w.th  occasional  editorial 
comment.     Authentic  netus  "will  be  "welcome. — ED. 


Reinforced  Concrete  Vessels.  — The  Marine  Department  of  the  Board  of  Trade 
has  issued  a  handbill  (No.  397)  containing  preliminan.-  instructions  to  builders  and 
owners  of  sea-going  reinforced  concrete  ships,  and  for  the  guidance  of  the  Board's 
surveyors. 

Such  vessels  must  comply  with  the  requirements  of  the  Merchant  Shipping 
Acts. 

With  regard  to  the  assignment  of  a  loadline,  in  accordance  with  Section  438  of 
the  Merchant  Shipping  Act,  1894,  and  Section  7  of  the  Merchant  Shipping  Act,  1906, 
the  authoritv  to  whom,  application  will  be  made  for  such  assignment  must  be  sup- 
plied with  full  information  of  the  structural  arrangements  upon  which  the  strength 
of  the  hull  of  a  reinforced  concrete  ship  depends,  and  the  vessel  must  be  built  under 
the  inspection  of  the  surveyors  of  that  authority,  which  will  be  either  Lloyd's  Register, 
the  British  Corporation,  the  Bureau  \'eritas,  or  the  Board  of  Trade.  The  applica- 
tion should  be  accompanied  by  detailed  calculations  of  the  strength  of  the  vessel, 
drawings  showing  the  constn:ction  of  the  vessel  and  arrangements  of  reinforcements 
in  detail,  and  a  general  specification  of  the  materials  to  be  used  and  the  m.ethods  of 
construction  to  be  followed. 

The  loadline  disc  of  such  a  vessel,  and  the  marks  in  connection  therewith,  are 
to  be  permanently  marked  on  a  steel  plate  33  in.  by  18  in.  by  |  in.  embedded  in  the 
concrete,   flush  with  the  outside,   and  suitablv   secured. 

If  application  for  assignment  of  a  loadline  to  an  unclassed  vessel  is  made  to  the 
Board  of  Trade,  a  special  fee  of  ;£^  will  be  payable  in  addition  to  the  prescribed  fee 
for  loadline  survey  in  the  case  of  a  steel  or  wood  vessel. 

Copies  of  the  handbill  may  be  obtained  on  application  to  the  Marine  Department 
of  the  Board,  7,  Whitehall  Gardens,  London,  S.W.i. 

The  Concrete  Institute.  — An  interesting  paper  was  read  last  month  before  the 
Concrete  Institute  by  Mr.  Chas.  F.  :\Iarsh,^M.Inst.C.E.,  on  the  L.C.C.  Reinforced 
Concrete  Regulations,  but  we  are  compelled  to  hold  over  the  abstract  from  the 
paper  and   the  report   of  the   discussion   until    our   next   issue. 

The  Ford  Motor  Works.— In  our  last  issue  we  published  an  illustrated  article 
on  this  building,  but  the  following  additional  particulars  may  be  of  interest  to  our 
readers.  The  building  was  originally  designed  on  the  mushroom  construction  principle 
of  reinforced  concrete  in  order  to  avoid  ugly  ceiling  beams,  but  the  London  County 
Council  would  not  consider  this  type  of  design  under  any  condition.  It  was,  thei-e- 
fore,  necessary  to  re-design  the  whole  structure,  with  the  result  that  main  beams 
(running  eas-t  and  west)  and  subsidiary  beams  (running  north  and  south)  projected 
below  the  slab  levels;  and  in  order  to  obtain  a  more  sightly  appearance,  better 
reflected  light,  and  a  more  satisfactory  sprinkler  instal]ation,"a  false  ceiling  on  metal 
lathing  at  the  level  of  the  soflit  of  the  secondarv  beams  was  introduced,  'fhis  ceiling 
also  enabled  a  great  am.ount  of  piping  to  be  hidden,  which  was  an  important  con- 
sideration in  a  building  where  so  many  pipe  lines  for  one  service  or  another  were 
required. 

Concrete  Buildings  in  Porto  Rico.—Tht-  use  of  monolithic  concrete  for  resi- 
dential and  ofiict-  buildings  i>  bi-ci,ining  more  and  more  genera!  in  S(  uth  and  Central 

'■  161 


CONCBETE^iSS 


m 


CONSTRUCnONAI^ 
KNCiINBEai'KG 


^FTT^ 


^^^ 


ITI SH  StE^ 


"ZENITH"  STEAM  FRICTION  WINCHES 


1.  Clutch  lever. 

2.  Thrust  block. 

?.  G.M.  clutch  nut. 

4.  Clutch  screw. 

5.  Tension  rods. 

7.  Ball  thrust  washer. 

8.  Rod  for  moving  barrel  with 

recess  for  thrust  w  asher. 


9.     Barrel  shaft  collar. 

10.  Ball  thrust  washer. 

11.  Oil  bath  cas  ng  in  brass 

12.  Barrel  shaft. 

13  Maia  bearing  gun-metal. 

14  and  17.     Lubricators  to  barrel 

bushing. 


15.  Cross  bar  for  moving  barrel 
along  barrel  shaft  to  engage 
clutch. 

16      and  23. Brass  bushings  to  barrel. 

18.     Ratchet. 

20  and  21      Clutch. 


Inour  last  advertisement  we  gave  a  general  view  of  one  of  these  winches.  We 
now  show  a  detail  of  the  barrel.  Note  the  ball  thrust  washers,  brass  bushings 
throughout,  efficient  lubrication,  the  oil  bath  containing  the  clutch  gear  ensur- 
ing perfect  lubrication  and  excluding  all  dirt  and  dust.  These  are  only  a  few  of 
the  distinctive  features  of  Zenith  Winches.  If  you  are  engaged  on  work  of  na- 
tional importanceyou  can  have  one  out  of  stock.    Call  and  see  one  under  test. 
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.\merica  as  well  as  the  Spanish  Indies.  In  these  countries,  which  are  subject  to 
violent  seismic  disturbances  and  frequent  fires,  the  qualities  of  concrete  for  purposes 
of  construction  are  especially  valuable. 

The  first  concrete  building  in  Porto  Rico,  West  Indies,  was  erected  about  20 
years  ago,  and  many  hundreds  of  such  constructions  have  since  been  completed.  The 
town,  for  instance,  contains  to-day  nearly  30  concrete  churches,  the  majority  being 
in  San  Juan,  the  capital.  Others  have  been,  or  are  being,  erected  in  Ponce  and 
Mayaguez.  Some  large  warehouses,  costing  ;£7i5o,ooo,  are  about  to  be  built  entirely 
of  monolithic  concrete  in  the  capital  for  the  Porto  Rico-American  Tobacco  Co.  It 
is  considered  that  in  the  next  few  years  wood  will  be  no  longer  used  for  houses,  the 
designs  for  villas  and  even  mansions  of  the  new  material  having  caught  the  fancy 
of  the  residents  of  the  island  to  an  extraordinary  extent.  Among  other  con- 
structions now  approaching  completion  are  a  range  of  concrete  buildings  for  the 
West  India  Oil  Co.,  and  the  Presbyterian  hospital,  which  is  to  cost  no  more  than 
;^30,ooo.  Within  the  past  20  years  the  population  of  Porto  Rico  has  increased 
remarkably,  the  capital  alone  having  to-day  over  60,000  people,  against  30,000  two 
decades  ago. — Times. 

Reinforced  Concrete  Sill  Foundation  for  Bricli  Banii  Protection. -The  o.d 
bank  protection  of  one  of  the  shallow  French  canals  comprised  a  14-in.  brick  wall 
set  in  the  i  :  2  slope  of  the  bank  and  resting  on  a  concrete  sill.  This  sill  was  held 
against  horizontal  displacement  by  continuous  wood  planks,  backing  in  their  turn 
against  5-in.  wooden  piles  spaced  about  3  ft.  3  in.  on  centre.  Although  a  considerable 
length  of  such  construction  had  been  put  in,  it  was  found  to  be  impracticable,  because 
the  wood  soon  rotted  out  during  the  periods  before  the  canal  was  watered  or  during 
the  time  when  it  was  not  in  service.  The  engineers  therefore  substituted  for  the 
combmed  concrete  and  wood  sill  a  reinforced  concrete  sill.  This  footing  structure 
is  made  up  of  reinforced  concrete  piles  about  4  in.  in  diameter  and  from  2^  ft.  to 
5I  ft.  long,  spaced  somewhat  over  9  ft.,  c.  to  c,  and  carrying  a  continuous  sill, 
which  slopes  on  the  side  to  the  ang-le  of  the  brick  wall.  The  piles  were  made  by 
boring  a  hole  in  the  ground  with  a  long-handled  auger  and  filling  this  hole  with 
concrete  after  the  proper  reinforcing  rods  had  been  placed.  On  top  of  each  pile  was 
a  small  rectangular  head,  cast  at  the  time  the  pile  hole  was  filled.  After  a  stretch 
of  those  piles  had  set,  the  concrete  sill  itself  was  placed. 

The  bank  protection  has  proved  very  successful  and  quite  as  cheap  as  the  wooden 
ones  formerly  used.     It  is  described  in  the  May-June  Annales  des  Ponis  et  CImussees. 

CORRESPONDENCE. 
Housing   after   the    War 

To  the  Editor  of  Concrete  and  Constructional  Engineering. 

Sir, — Architects  throughout  Europe  are  concerned  with  the  planning  of  cottages. 
It  is  not  an  easy  problem,  because  the  working  man  will  ultimately  decide  whether 
they  meet  his  wishes.  Most  of  us  have  known  expensive  houses  which  the  working 
man  has  refused  to  occupy,  therefore  the  improvements  and  economies  made  must 
satisfy  the  artisan  as  well  as  the  Gov^ernment  officials  who  will  draw  up  the  new 
bye-laws  which  should  come  into  force  before  long. 

It  is  said  that  new  methods  will  receive  the  attention  of  the  authorities,  but 
that  diffidence  exists  as  to  the  adoption  of  any  innovation  unless  it  has  been  well 
tested. 

I  have  been  experimenting  fur  many  months  with  cement  blocks  and  with 
various  renderings  on  them.  I  have  proved  that  a  5-in.  waterproofed  cement  facing 
to  porous  concrete  blocks  is  perfectlv  waterprcK>f.  I  have  also  published  a  brochure 
giving  the  results  of  my  experiments  and  suggesting  many  uses  of  waterproofed 
cement  for  cottage  building.  It  will  probably  be  news  to  some  of  your  readers  that 
the  British  Government  have  erected  several  hundred  houses  with  2|-in.  coke  breeze 
exterior  curtain  walls  which  are  rendered  with  |  in.  of  Pudloed  cement ;  that  a  flat 
roof  can  be  made  to  span  a  width  of  12  ft.  6  in.  without  the  use  of  girders,  and  that 
bav-window  roofs  of  concrete  can  be  laid  to  a  width  of  3  ft.  to  4  ft.  without  rein- 
forcement. 

At  my  London  office,  71,  Newman  .Street,  Oxford  Street,  W.,  I  have  a  practical 
demonstration   of  the  various  methods  of  waterproofing   concrete  blocks.     There   are 
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shown  a  number  of  tanks  made  of  porous  coke  breeze  concrete  blocks,  some  with 
an  ordinai-y  cement  facing-,  and  the  others  faced  with  Pudloed  cement.  The  former 
tanks  leak,  whereas  the  latter  are  quite  watertight.  They  can  be  seen  during  office 
hours   bv   any   interested    person   on  production   of   their  visiting  card. 

These  and  many  other  suggestions  are  gone  into  more  fully  in  Circular  No.  15, 
above  referred  to,  and  I  shall  be  glad  to  send  it  to  any  person  who  is  interested  in 
the  housing  question. 

Yours  faithfully, 

J.   H.   Kkkner-Greenwood. 

King's  Lynn. 

PUBLICATIONS  RECEIVED. 

Road  Reinforcement.  — The  British  Reinforced  Concrete  Engineering  Co.  have 
just  published  the  eighth  issue  of  this  booklet,  which  contains  interesting  illustrated 
articles  on  the  development  of  road  reinforcement  and  "  Road  Maintenance  in  Former 
Times."  Copies  may  be  obtained  on  application  to  the  above  company  at  i,  Dickin- 
son Street,  Manchester. 

Laxton's  Price  Book,  1918.  — We  have  pleasure  in  drawing  the  attention  of 
our  readers  to  the  new  edition  of  the  above  book.  Though  there  vs  no  new  feature 
added  to  the  present  edition,  the  List  of  Specialities — which  was  given  for  the  first 
time  in  the  1917  edition — has  been  considerably  enlarged  and  improved.  Owing  to 
the  ever-increasing  cost  of  all  building  materials,  and  the  great  scarcity  of  some, 
great  difficulty  has  been  experienced  by  the  publishers  in  fixing  prices  for  1918 ; 
and  prices  throughout  the  book  are  based  upon  the  prime  cost  prices  of  material  and 
labour  in  November  last.  A  short  review  on  reinforced  concrete  will  be  found  under 
the  heading-  "  Fireproof  Construction."  This  useful  reference  book  and  guide  is, 
as  usual,  obtainable  from  Messrs.  Kelly's  Directories,  Ltd.,  182,  High  Holborn, 
W.C.I.     (Price  4s.) 


THE 

VICTORIA 

CONCRETE    MIXER 

shown  in  the  illustration  is  fitted  with 
our  latest  side  loader  and  is  driven  direct 
by  petrol  engine,  the  plant  being  mounted 
on  road  wheel  truck. 


It  represents  THE  MOST  MODERN  CONCRETE  MIXING  PLANT  obtainable 
COMPACT,  SELF-CONTAINED,  RELIABLE. 
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Telephone—VICTORIA  1849. 


STOTHERT  &  PiTT 

LTD., 

38,  Victoria  Street,  S.W. 


164 


Please  mention  this  Journal  "when  ■wriitng. 


CONCRETE 

AND 

CONSTRUCTIONAL  ENGLNEERING 


Volume  XIII.     No.  4.  London,  April,  1918. 

EDITORIAL  NOTES. 


REINFORCED    CONCRETE    REGULATIONS. 

Criticism  of  regulations  relating-  to  building  work  is  inevitable,  as  there  are 
many  points  of  view,  and  it  is  practically  impossible  to  reconcile  the  interests 
of  all  the  parties  concerned,  even  when  the  opportunity  of  assisting  in  the 
framing  of  such  regulations  is  given  to  the  persons  who  are  chiefly  affected  by 
them.  This  condition  particularly  applies  in  the  case  of  reinforced  concrete 
work,  because  there  are  still  many  matters  which  have  not  been  thoroughly 
investigated  and  up>on  wliich  no  reliable  data  is  available. 

Honest  criticism  is,  however,  an  excellent  thing,  as  it  is  likely  to  provoke 
discussion  on  those  items  which  are  unduly  onerous,  contradictory,  or  partly 
unjustifiable,  and  thus  the  way  is  paved  for  suitable  revision  when  an  opportune 
moment  arrives. 

Some  criticisms  of  the  London  County  Council  regulations  relating  to 
reinforced  concrete  were  made  in  the  paper  read  before  the  Concrete  Institute 
by  Mr.  Charles  F.  Marsh- — an  abstract  of  this  paper  being  given  on  page  207 
of  this  issue — and  while  we  can  scarcely  agree  with  all  the  views  and 
suggestions  put  forward  by  the  author,  we  do  feel  that  in  many  respects  the 
criticisms  are  worthy  of  serious  consideration  by  the  authorities  who  are 
responsible  for  the  regulations.  Mr.  Marsh  has  certainly  dealt  with  the  subject 
thoroughly,  and  there  are  very  few  clauses  which  do  not  come  within  his 
recommendations  for  revision.  In  some  cases  he  has  undoubtedly  made  much 
of  what  are  essentially  minor  points,  but  as  the  regulations  are  likely  to  be 
adopted  as  a  basis  for  similar  regulations  in  other  parts  of  the  country,  it  is 
natural  that  a  strong  effort  should  be  made  to  remove  any  matter  which  is 
considered  unsatisfactory. 

Generally  speaking,  the  drafting  of  a  complete  set  of  regulations  for 
reinforced  concrete  work  is  a  very  difficult  matter,  and  there  is  no  doubt  that 
those  now  in  force  are  quite  good  as  a  whole,  and  it  does  not  necessarily  cast 
any  reflection  on  those  who  are  responsible  for  them  if  it  is  found  that  improve- 
ments can  be  made  after  the  regulations  have  been  in  force  for  some  time  and 
we  have  had  some  experience  in  their  application. 

CantileTers. 

Considerable  discussion  appears  to  have  taken  place  as  to  the  condition 
which  is  imposed  that  the  length  of  a  cantilever  shall  not  exceed  five  times  the 
effective  depth  at  the  bearing,  and  while  we  do  not  consider  that  any  great 
hardiship  is  entailed  by  this  regnlation,   there  is  certainly  no  reason  why  the 
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length  should  not  be  allowed  to  vary  with  the  actual  maximum  tensile  or  com- 
pressive stresses,  as  suggested  by  Mr.  Marsh. 

Strength  of  Concrete. 

The  equations  for  assessing  the  strengths  of  the  various  mixtures  of 
concrete  came  in  for  some  criticism  by  the  author,  and  while  he  stated  a  very 
good  case  in  advocating  other  methods,  we  feel  that  this  is  a  matter  which 
requiies  some  further  investigation  before  it  can  be  put  on  a  really  satisfactory 
basis.  There  is  ample  scope  in  connection  with  this  subject  for  some  good 
work  by  the  Concrete  Institute,  and  if  exhaustive  experiments  were  made  in 
connection  with  the  strength  of  concrete  of  different  proportions  at  various 
ages,  such  experiments  being  conducted  in  accordance  with  practical  conditions, 
some  definite  recommendations  could  be  made  to  the  London  County  Council^ 
and  thev  could  be  supported  by  actual  facts  which  would  demand  consideration. 
In  connection  with  this  point,  we  agree  with  Sir  Henry  Tanner,  who  suggested 
that  a  sort  of  Standing  Committee  should  be  established  to  bring-  up  all  the 
matters  on  which  revision  might  be  necessary,  and  if  such  a  Committee  could 
produce  reliable  results  obtained  by  research  work,  it  would  be  able  to  achieve 
its  object  and  convince  the  three  other  Institutes  w^ho  are  interested  as  well  as 
the  County  Council.  Individual  efforts  may  do  good  work  in  bringing  f>oints 
to  the  notice  of  engineers  generally,  but  no  results  can  be  obtained  unless  the 
matter  is  dealt  with  collectively  by  the  Institutes. 

Steel. 

Amongst  other  matters  raised  by  Mr.  Marsh  in  his  criticisms  was  the 
suggtstion  that  sjjecification  requirements  for  high  tensile  steel  should  be 
included  in  the  regulations,  and  the  allowable  working  stress  for  this  material  in 
tension  should  be  20,000  lbs.  per  sq.  in.,  and  this,  we  think,  is  necessan;. 
High  tensile  steel  has  been  used  to  a  large  extent  all  over  the  country,  and  there 
was  no  reason  why  it  should  be  discouraged  in  London. 

With  regard  to  the  value  of  "  m,"  we  strongly  advocate  that  this  be  taken 
as  constant  at  15,  as  this  is  quite  sufficiently  accurate  for  all  work,  and  calcula- 
tions are  simplified  when  the  necessity  of  taking  a  varying  value  is  removed. 

The  regulations  specifying"  the  distance  apart  of  the  anchors  when  the 
compressive  resistance  of  the  (x>ncrete  is  not  taken  into  account  certainly  needs 
revision,  as  this  is  too  stringent,  and  we  were  glad  to  see  that  this  question  was 
raised  by  the  author  of  the  paper. 

Methods  of  Calculation. 

Objection  was  raised  to  the  methods  of  calculation  given  in  various  para- 
graphs forming  part  of  the  regulations,  but  we  cannot  see  that  this  is  at  all 
detrimental  unless  it  can  be  shown  that  such  methods  are  unsatisfactory.  The 
fact  that  these  are  given  in  their  present  form  must  be  of  assistance  to  those 
who  have  to  administer  the  regulations,  as  they  can  proi>erly  insist  on  the 
calculations  being  in  conformity  with  sound  theor\'. 

Design  and  Construction  of  Compression  Members, 

A  very  important  section  of  the  regulations  is  that  dealing  with  the  design 
and  construction  of  compression  members,  and  Mr.  Marsh  rightly  states  that 
these  are  unnecessarily  restrictive. 
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Generally. 

The  statement  which  was  put  forward  in  the  discussion  that  the  legulations 
should  be  very  string^ent  in  order  to  provide  a  marg-in  to  cover  defective  work 
executed  by  speculating-  builders  is  one  which  cannot  be  justified,  as  it  is  quite 
absurd  to  penalise  every  competent  desig^ner  and  contractor  because  examples 
of  scamping  can  be  shown.  If  the  regulations  cannot  be  properly  enforced, 
and  unnecessary  restrictions  hsve  to  be  put  on  the  use  of  reinforced  concrete, 
then  the  material  should  be  entirely  prohibited  unless  executed  under  the  super- 
vision of  a  reputable  engineer,  or  additional  qualified  inspectors  should  be 
appointed  by  the  County  Council  to  assist  those  who  have  to  administer  the 
regoilatlons.  We  do  not  wish  to  belittle  in  any  way  the  gentlemen  who  are  at 
present  engaged  in  the  duties  of  district  surveyor,  as  there  is  no  question  of 
their  competency  to  sup>ervise  reinforced  concrete  work,  but  it  demands 
probably  more  of  their  time  than  they  can  properly  spare  without  neglecting 
other  Important  matters ;  but  it  Is  decidedly  unfair  if  the  competent  designer  i>. 
to  suffer  on  this  account. 

There  are  many  other  points  that  are  worthy  of  consideration  in  connection 
with  the  regulations,  but  the  only  satisfactory  method  of  dealing  with  the  whole 
question  is  in  the  hands  of  the  Concrete  Institute,  who  should  appoint  a  Com- 
mittee to  investigate  the  subject  in  a  thorough  manner  while  remembering  that 
it  Is  the  letter  of  the  Act  which  must  be  dealt  with,  as  the  spirit  Is  a  thing  which 
cannot  be  officially  recognised,  and  it  is  therefore  necessary  to  pay  much 
attention  to  the  detailed  wording  of  any  Important  clause. 

REINFORCED    CONCRETE    SHIPBUILDING. 

We  reproduce  on  p.  i68  an  Interesting  telegram  that  we  have  received  from  the 
United  States  which  marks  a  notable  epoch  In  the  history  of  concrete  and 
reinforced  concrete.  The  telegram  tells  this  journal  of  the  satisfactory 
launching  of  a  reinforced  concrete  ship  of  5,000  tons.  The  Illustrations  of 
this  ship  on  the  stocks  were  given  In  our  previous  Issue,  and  the  daily  Press 
informs  us  that  numerous  additional  ships  of  the  same  standard  pattern  are 
being  laid  down  by  our  American  friends. 

If  readers  will  turn  to  one  of  our  earliest  issues  of  1908  they  will  find  an 
Italian  sea-going  barge  described  which  we  had  seen  in  Italy.  (See  Vol.  III., 
pp.  71-74,   1908.) 

A  development  of  reinforced  concrete  ships  was  to  be  foreseen  already  at 
that  early  period,  but  it  has  not  been  until  the  war,  with  its  difficulties  as  to 
supplies  of  steel,  that  shipbuilders  realised  the  imf>ortance  and  the  economy  of 
reinforced  concrete  for  various  forms  of  shipbuilding  construction. 

Our  recent  issues  have  indicated  all  manner  and  kind  of  ships,  barges, 
and  pontoons  in  different  parts  of  the  world,  notably  In  the  neutral  countries 
of  Nonvay  and  Holland.  Here  at  home  we  are  still  limiting  our  efforts  too 
much  on  sea-going  barges,  but  no  doubt  in  time  our  own  shipbuilders  will  more 
generally  realise  the  advantages  of  the  larger  reinforced  concrete  cargo  boats, 
and  our  Government  Departments  may  give  that  necessary  encouragement  and 
assistance  that  will  enable  ships  of  substantial  tonnage  to  be  constructed  In 
what  promises  to  become  an  important  shipbuilding  material  of  the  future. 
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This  journal,  whilst  strong-ly  advocating-  the  use  of  reinforced  concrete  for 
shipbuilding-,  of  course  fully  realises  both  the  advantages  and  the  possible 
defects,  and  \\K>uld  urge  the  use  mainly  of  vessels  of  a  capacity  of  about  6,000 
tons  for  cargo  ships  only,  until  three  or  four  years'  experience  of  wear-and-tear 
has  been  obtained  and  the  practical  effect  of  dead-weig-ht  and  external  surface 
are  realised  in  the  different  oceans. 

But  for  everyday  general  purposes  of  cargo  and  tramp  steamers  anything 
up  to  6,000  tons  is  not  only  possible  but  advisable,  and  eminently  economical 
at  this  present  time  of  expensive  steel  and  the  difficulty  of  obtaining  same. 
This  period  of  dearth  in  steel  and  its  hig-h  cost  must  obviously  continue  for  a 
number  of  years  after  the  conclusion  of  peace.      It  would  thus  be  well  for  all 
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concerned  if  Government  Departments,  professional  institutions,  and  shipyards 
were  to  accelerate  their  endeavours  in  procuring  reinforced  concrete  ships  for 
the  nation,  and  if  we  were  to  make  the  fullest  possible  use  of  the  skilled  advice 
obtainable  among  the  engineering  professions  and  among  the  contractors  of 
this  country  who  have  had  considerable  exj>erience  in  feinforced  concrete  in 
other  directions. 

That  there  is  a  wave  of  interest  at  present  is  apparent  to  all  who  read  the 
daily  Press,  and  even  at  the  most  conservative  of  technical  institutions  papers 
of  considerable  importance  are  being  presented  on  the  subject,  some  of  which 
we  are  reproducing  from  time  to  time  during  the  current  vear. 

Correspondence  on  this  subject  is  therefore  cordially  invited. 
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We  give  belo-aj  a  short  preliminary  description  of  the 
reinforced  concrete  luork  at  the  neiv  Science  Museum, 
South  Kensington,  and  tue  hope  at  a  later  date,  'when  the 
building  is  finished,  to  give  further  details  of  this  very 
important  structure. — ED. 


The  new  Science  Museum,  the  eastern  part  of  which  is  being-  erected  at  South 
Kensington,  and  which  is  now  nearing  completion,  will  be  one  of  the  largest 
reinforced  concrete  buildings  erected  in  London.  It  occupies  the  site  of  the  old 
Museum,  the  eastern  portion  of  which  was  demolished.  When  completed, 
the  new  Science  Building  will  extend  from  Exhibition  Road  to  Queen's  Gate, 
between  the  Natural  History  Museum  and  the  Imperial  College  of  Science. 
The  principal  facade  will  be  on  Exhibition  Road. 

The  complete  building  will  consist  of  three  large  halls  about  200  ft.  by 
100  ft.  with  iroof  lights.  There  will  be  surrounding  galleries  on  the  first  and 
second  floors,  lighted  from  the  sides  and  from  central  wells  measuring  about 
126  ft.  by  40  ft.  and  78  ft.  high.  The  various  large  halls  are  connected  by  galleries. 
Practically  the  whole  of  the  third  floor  is  to  be  one  large  gallery.  The  eastern 
block  contains  one-quarter  of  the  three  roof-lighted  halls,  with  galleries  to  the 
north  and  a  portion  of  the  connecting  galleries  to  the  west.  There  are  to  be  a 
Conference  Room  and  Museum  Offices,  with  an  entrance  from  Imperial  Insti- 
tute Road.  Museum  workshops  with  large  storage  space  for  exhibits  have 
been  provided  for  in  the  basement. 

As  shown  in  the  view  of  the  finished  elevation,  from  a  drawing  exhibited 
at  the  Royal  Academy,  the  principal  entrance  to  this  eastern  block  will  be  from 
Exhibition  Road.  There  will  also  be  a  public  entrance  to  the  Museum  from  the 
existing  Metropolitan  District  Railway  subway  to  South  Kensington  Station. 

The  ground  floor  is  to  be  used  for  the  larger  and  heavier  exhibits.  The 
central  part  of  this  hall  is  lighted  by  means  of  a  glass  roof.  The  various 
galleries  on  the  ground  floor  are  to  be  of  considerable  height — about  22  ft. — 
and  on  the  upper  floors  about  20  ft.  The  windows  lighting  up  the  galleries  are 
all  of  large  dimensions  and  situated  suflficiently  high  to  ensure  plenty  of  light 
and  sufficient  space  for  the  cases  containing  various  exhibits. 

A  certain  number  of  electric  lifts  and  staircases  have  been  provided  to  give 
access  to  the  various   galleries. 

The  whole  of  the  building  is  to  be  heated  by  a  system  of  hot  water 
circulation. 

The  total  area  of  flooring,  when  the  building  is  completed,  will  be  about 
500,000  sq.  ft. 

The  whole  of  the  structure,  with  the  exception  of  the  external  walls,  is 
constructed  on  the  "  Coignet  System  "  of  reinforced  concrete,  which  has  already 
been  applied  in  the  construction  of  the  Western  District  Post  Office  and  for 
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the  new  Holloway  Money  Order  Department.  The  external  walls  will  be  con- 
structed in  brick  and  stone.  The  principal  fa9ade  in  Exhibition  Road  and  a 
portion  of  the  south  front  are  to  be  faced  with  Portland  stone.  The  balustrades 
around  the  entrances  and  the  low^r  balustrades  will  be  made  of  granite.  The 
mansard  roofs  are  to  be  covered  with  g^reen  slates,  and  all  the  windows  will 
have  metal  sashes. 

The  principal  features  of  the  reinforced  concrete  construction  are  as 
follows  : — 

The  whole  of  the  bars  forming  the  reinforcement  of  the  pillars,  beams, 
slabs,  etc.,  were  round  bars  of  mild  steel,  varying-  betAveeoi  -^  in.  dia.  and  not 
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exceeding  i^  m.  All  the  units  forming  the  reinforcement  of  the  beams  were 
prepared  in  advance  by  wireworkers  and  placed  in  position  in  the  moulds  in 
such  a  manner  that  all  the  bars  being  tied  together,  none  could  get  out  of  place 
during  the  concreting  operations.  In  fact,  in  the  system  here  employed  all 
the  bars  are  tied  together  by  means  of  .annealed  wire,  the  principal  object  being 
to  prevent  the  various  bars  from  getting  out  of  position  during  the  concreting. 
The  reinforcement  of  the  various  pillars  was  composed  of  a  certain  number  of 
vertical  bars  surrounded  by  ^  in.  dia.  ties.  The  slabs  contain  a  meshwork  of 
principal  and  secondary  bars  of  small  diameter.  The  reinforcement  of  the 
beams,  however,  was  usually  oomposed  of  units  containing  groups  of  bars— 
usually  seven  bars — having  their  ends  bent  upwards  at  an  angle  of  45°  and 
hooked  to  a  top  straight  bar,  the  object  of  this  arrangement  being  to  have  the 
170 


NEW  SCIENCE  MUSEUM,  SOUTH  KENSINGTON. 


iNh-i   S^iE>"CE  Museum,  South  Kensington 


171 


NEW  SCIENCE  MUSEUM,  SOUTH  KENSINGTON.         fCQNCKEJiP 

greater  section  of  steel  in  the  middle  of  the  beam  where  the  bending  moment  is 
greatest,  and  to  utilise  the  ends  of  the  bars  to  resist  the  shear  as  it  gradually 
increases  towards  the  supports,  this  method  being-  therefore  thoroughly 
economical  in  saving  steel.  In  certain  of  the  beams,  however,  and  particularly 
in  lintels,  the  units  forming  the  reinforcement  were  composed  by  means  of  a 
top  and  bottom  straight  bar  linked  together  by  means  of  stirrups  rs  in.  dia. 
and  bent  in  the  manner  of  hairpins  with  their  ends  hooked.  All  these  units 
were  prepared  beforehand  and  tied  together  by  annealed  wire. 

It  is  noticeable  that  this  method  comprises  a  great  variety  of  distinctive 
elements.  For  instance,  apart  from  ordinary  flat  floors  and  roofs,  it  contains 
arched  roofs,  north  light  roofs,  and  mansard  roofs.  There  are  also  many 
staircases  of  different  kinds,  retaining  walls,  ducts,  chimneys,  etc. 

A  portion  of  the  floors  has  been  tested  by  means  of  superimposed  weights 
being  50  p>er  cent,  in  excess  of  the  working  loads,  and  in  every  case  the  results 
have  been  highly  satisfactory. 

The  accompanying  illustrations  show  the  work  m  course  of  progress. 

The  architect  of  the  building  is  Mr.  R.  J.  Allison,  A.R.I.B.A.,  Principal 
Architect,  Art  and  Science  Buildings,  etc.,  of  H.M.  Office  of  Works. 

The  whole  of  the  reinforced  concrete  work  was  designed  ijy  Messrs. 
Edmond  Coignet,  Ltd.,  reinforced  concrete  specialist  engineers,  of  West- 
minster, and  the  work  has  been  executed  by  Messrs.  Leslie  and  Co.,  Ltd., 
contractors,  of  London. 
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A  PRELIMINARY  SURVEY  OF  THE  POSSIBILITIES 

OF    REINFORCED     CONCRETE    AS    A    MATERIAL 

FOR    SHIP    CONSTRUCTION. 

By  MAJOR  MAURICE   DSNKY,  S.B.,  Associate-Member. 

Ai  the  annual  meeting  of  the  Institution  of  Na^val  Architects,  held  last  month,  considerable 
attention  mas  this  time  devoted  to  the  question  of  Reinforced  Concrete  Shipbuilding,  and 
some  most  interesting  papers  ivere  read  on  the  subject.  We  are  only  able  to  publish  part  of 
one  of  these  papers  this  month,  but  in  our  next  issues  "we  shall  also  publish  the  interesting 
contributions  by  Mr.  G.  0-wens  Thurston  and  by  Mr.  Pollock.  We  "would  here  add  that 
Major  Denny's  Paper  was  accompanied  by  some  excellent  diagrams  and  an  Acvendix 
explanatory  of  these  diagrams.— ED. 


General. — So  long  as  the  efficiency  of  a  mercantile  marine  is  judged  by  its  di^idend- 
eaming  capacity  in  free  competition,  so  long  ^\^ll  the  choice  of  material  for  the  con- 
struction of  its  units  depend  on  economic  considerations. 

Up  to  the  present  for  the  general  trader  steel  has  proved  to  be  the  material  which 
gives  the  greatest  return  for  capital  invested,  and  no  material  inferior  in  this  respect 
will  permanently  displace  steel  from  this  position. 

In  the  abnormal  circumstances  now  prevaihng,  however,  when  free  commercial 
competition  is  suspended,  it  is  not  necessary  to  examine  the  suitabiUty  of  a  material 
solely  from  the  monetary  point  of  view,  and  any  substance  which  swells  the  volume 
of  tonnage  by  drawing  on  fresh  sources  of  labour  and  material  has  a  chance  to  prove 
its  merit  on  technical  grounds  alone.  Reinforced  concrete  at  once  suggests  itself  as 
an  alternative  to  steel,  its  suitability  for  general  structiaral  purposes  being  everj'^vhere 
evident  on  land,  and  its  application  to  floating  structures  being  no  longer  entirely 
novel. 

Concrete  in  itself  is  strong  under  compression  but  has  little  or  no  tensile  strength  ; 
steel  is  satisfactory^  in  both  respects.  Concrete  is  durable  and  little  affected  by 
atmospheric  influences  ;  steel  is  subject  to  corrosion.  Concrete  is  obtainable  in  almost 
any  locality  ;  steel  is  relatively  scarce.  "  Reinforced  "  concrete  combines  the  two 
materials  in  such  a  way  as  to  exhibit  the  valuable  qualities  of  each  while  eliminating 
in  large  measure  their  undesirable  properties. 

For  all  structures  such  as  beams  in  wliich  tension  and  compression  co-exist 
reinforced  concrete  is  particularly  suitable,  the  steel  taking  tension  and  the  concrete 
bearing  compression.  As  almost  every  part  of  a  sliip's  structure  may  be  considered 
to  be  a  beam  under  load,  reinforced  concrete  is  therefore  not  fundamentally  imsuited 
to  ship  construction.  When  it  is  added  that  the  use  of  reinforced  concrete  makes 
practically  no  demand  on  the  class  of  labour  and  material  used  for  steel  shipbuilding, 
the  justification  for  its  trial  is  sufficient,  and,  in  these  times,  overwhelming. 

Experience  has  proved  that  steel  embedded  in  concrete  is  completely  protected 
from  corrosion.     It  has  been  found  that  steel  which  was  sUghtly  corroded  when 
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bedded,  after  a  lapse  of  time  has  shown  no  trace  of  rust,  which  apparently  has  entered 
into  chemical  combination  wth  the  surrounding  concrete  and  formed  an  impervious 
coat.  That  this  should  be  the  case  is  fortunate,  since  the  tensional  strength  of  all 
parts  of  the  structure  of  a  reinforced  concrete  vessel  is  solely  supplied  by  the  steel. 
The  principal  source  of  deterioration  in  a  steel  ship  is  consequently  removed,  and  the 
saving  of  steel  shown  in  comparing  a  reinforced  concrete  vessel  \vith  a  steel  ship  of 
the  saine  diinensions  must  be  partly  credited  to  this  fact.  It  is  obvious,  however, 
that  if  the  envelope  of  concrete  be  ruptiired  in  such  a  manner  as  to  allow  water  or 
other  corrosive  substance  to  come  in  contact  with  the  steel  deterioration  will  at  once 
set  in,  and  will  be  the  more  dangerous  in  that  its  presence  may  not  be  readily  detected. 
As  Avill  be  shown  when  considering  strength  there  is  every  reason  to  expect  cracks 
in  the  tensional  side  of  a  reinforced  concrete  member,  even  when  the  steel  is  not 
stressed  beyond  a  very  moderate  working  load.  The  volume  of  opinion  seeins  to  be, 
however,  that  these  cracks  are  minute  and  do  not  permit  the  ingress  of  liquid,  nor 
impair  the  efficiency  of  the  member  as  a  whole.  In  this  connection  it  should  be  noted 
that  in  a  ship's  structure  the  stresses  are  frequently  alternating,  often  of  indeterminate 
magnitude,  and  may  partake  of  the  nature  of  shocks.  Marine  conditions  seem  thus 
to  be  more  severe  than  have  usually  to  be  provided  for  in  land  work.  It  has  yet  to 
be  sho^vn  that  minute  cracks,  which  are  negligible  in  land  structures,  may  not  in  marine 
work  develop  into  fissures  sufficiently  wide  to  permit  the  entry  of  water,  or  even,  as 
the  result  of  internal  abrasion  due  to  reversal  of  stress,  form  cavities  sufficiently 
great  to  destroy  the  unity  of  the  meinber  as  a  whole. 

Buildings  of  reinforced  concrete  are  frequently  spoken  of  as  being  fireproof,  but 
this  term  is,  naturally,  a  relative  one.  Considerations  of  weight  in  a  reinforced 
concrete  ship  require  that  the  "  cover  "  shall  be  reduced  to  a  minimum,  and  it  seems 
doubtful  whether  a  thickness  of  concrete  of  about  half-an-inch  will  effectively  insulate 
the  reinforcing  steel.  The  damage  to  the  structure,  therefore,  in  way  of  fire  may  be 
as  complete  as  in  the  case  of  a  steel  ship,  but  it  is  possible  that  the  destruction  may 
be  more  localised. 

The  repairing  of  local  damage  in  a  reinforced  concrete  sliip  would  seem  to  be  a 
relatively  simple  matter.  So  soon  as  sufficient  concrete  and  steel  in  way  of  the  damage 
has  been  removed  to  allow  of  an  adequate  scarph  between  old  undamaged  and  new 
reinforcement,  fresh  concrete  can  be  poured  into  place.  Since  concrete  "  sets  "  under 
water  it  is  not  necessary  to  retain  the  vessel  in  dry  dock  during  the  initial  stages  of 
hardening.  The  actual  time  required  for  "  weathering  "  will  depend  on  the  structural 
importance  and  extent  of  the  damaged  portion,  and  unless  this  is  considerable,  the 
vessel  can  return  to  service  after  a  much  shorter  lapse  of  time  than  was  necessary 
betAveen  launching  and  delivery. 

Watertightness  is  one  of  the  points  which  the  naval  architect  wall  most  critically 
examine  when  the  question  arises  of  replacing  steel  by  reinforced  concrete.  Fortu- 
nately, experience  of  large  tanks  in  land  work  is  by  no  means  limited,  and  it  is  possible 
to  draw  certain  inferences  from  the  behaviour  of  these  structures.  Apart  from  the 
water-resisting  ability  of  simple  concrete  there  are  various  methods  of  treating  the 
material  which  fall  generally  into  two  categories  : — 

(i)  The  addition  to  the  concrete  during  mixing  of  a  waterproofing  compound.       ^ 

(2)  The  treatment  of  the  finished  surface  with  a  suitable  non-porous  material.      ' 

The  first  of  these  is  generally  believed  to  reduce  the  strength,  and  in  the  present 
position  of  the  industry  the  naval  architect  will  be  chary  of  adopting  it.  The  second 
comprises  :  the  treatment  of  the  surface  Avith  cement  mortar  well  rubbed  into  the 
pores,  coating  with  a  special  mixture,,  and  painting  as  in  a  steel  ship.  Even  when 
none  of  these  special  precautions  is  taken,  experience  in  large  tanks  shows  that  though 
leakage  occurs  when  the  concrete  is  first  subjected  to  water  pressure,  it  gradually 
diminishes  in  quantity  and  finally  ceases  altogether.  This  phenomenon  may  be 
explained  by  the  deposition  of  salts  in  the  pores  of  the  material  due  to  the  action  of 
the  water  on  the  concrete,  though  the  exact  chemical  reactions  seem  to  be  of  con- 
siderable complexity. 

It  is  interesting  to  note  that,  even  in  this  early  stage  of  development,  reinforced 
concrete  vessels  are  being  built  to  carry  fuel  oil  in  bulk,  experience  with  land  storage 
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tanks  and  experiments  recently  made  indicating  that  mineral  oil  has  little  or  no 
destructive  effect  on  the  material. 

Concrete  is  much  more  susceptible  to  abrasion  than  steel.  The  small  component 
particles  are  rather  readily  detached  from  the  mass  and  adequate  shielding  must  there- 
fore be  arranged  in  way  of  the  chafe  of  cables,  cargo,  steering  chains,  etc.  If  this 
precaution  be  neglected  the  steel  reinforcement  maj^  be  laid  bare  with  the  consequent 
danger  of  corrosion. 

The  ability  of  reinforced  concrete  to  stand  \'ibration,  whether  irom  propelling  or 
deck  machiner5^  may  be  called  in  question.  The  experience  afforded  by  railway 
bridges  and  factory  floors  shows  that  little  trouble  need  be  feared  from  this  cause, 
prov-ided  that  the  concrete  is  not  allowed  to  fail  progressively  by  unsuitable  distribution 
of  attachments. 

At  certain  seasons  of  the  year  the  construction  of  reinforced  concrete  vessels  may 
be  adversely  affected  by  climatic  conditions,  a  consideration  entirely  absent  from 
steel  shipbuilding,  except  in  so  far  as  the  human  element  is  concerned.  In  frosty 
weather  concreting  must  not  proceed  at  all,  and  too  rapid  drjnng  must  be  guarded 
against  in  the  presence  of  strong  sunshine  or  high  wnds.  After  the  vessel  has  been 
constructed,  however,  it  does  not  appear  that  atmospheric  influences  have  any  con- 
siderable effect  ;  piles  in  salt  water  exposed  to  very  severe  conditions  in  the  form  of 
alternate  wetting  and  drying  at  all  seasons  of  the  year  showing  no  signs  of  deterioration. 

Constructional. — Concrete  when  being  worked  is  a  plastic  material  ;  the  processes 
of  construction  partake  more  of  the  foundr^^  than  of  the  shipyard,  and  the  moulds 
required  in  a  foundry  equall}^  have  their  place  in  the  reinforced  concrete  shipyard. 
Except  in  one  particular  method  which  will  be  noted  later,  the  whole  of  the  outer 
and  inner  surfaces  are  bounded  by  a  suitable  material,  the  concrete  being  "  cast  " 
into  the  space  between.  It  is  at  once  evident  that  the  quantity  of  material  required 
for  the  moulds  is  great,  and  the  labour  required  for  their  erection  will  bear  a  con- 
siderable proportion  to  the  total  labour  required  for  the  ship.  It  is  therefore  an 
obvious  economy  to  arrange  that  several  vessels  shall  be  cast  from  the  same  moulds. 
This  has  a  marked  effect  on  standardisation  of  type.  ^Vhere  wood  is  used  for  the 
moulds  it  A\-ill  probably  be  found  that  from  five  to  eight  vessels  can  be  built  from 
one  lot  of  shuttering,  though  considerable  repairs  and  renewals  to  the  woodwork  will 
only  be  avoided  by  skilful  design  and  care  in  erection  and  dismantUng.  If  the  con- 
structor were  certain  that  a  large  number  of  exactly  similar  vessels  were  to  be  built 
he  would  probably  decide  to  use  for  the  shutters  some  more  durable  material  than 
wood. 

It  seems  evident  that  if  the  usual  ship  form  be  adopted,  in  which  there  is  a  curva- 
ture in  two  directions,  the  amount  of  work  entailed  in  shaping  the  shuttering  will 
be  at  its  maximum.  The  minimum  amount  of  shaping  wAl  be  given  by  a  rectangular 
box  ;  but  as  such  a  form  is  usually  inadmissible  a  compromise  must  be  effected. 
The  best  results  from  the  point  of  view  both  of  the  naval  architect  and  the  reinforced 
concrete  engineer  must  be  sought  among  the  class  of  "  straight  frame  "  forms,  which 
^delds  at  once  reasonable  figures  for  resistance  in  association  -wdth  curvature  in  one 
direction  only.  Two  suggested  compromises  are  shown  in  Figs,  i  and  2  [Plate  I.). 
the  "  batter  "  in  the  sides  in  Fig.  i  being  given  in  order  to  reduce  the  chances  of 
possible  damage  at  the  sharp  bilge  when  lying  alongside  quav  walls,  and  in  the  case 
of  Fig.  2  to  secure  "  flare  "  at  the  bows. 

In  order  that  the  shuttering  may  be  used  several  times,  it  must  be  so  arranged 
that  dismantling  does  not  involve  the  destruction  of  the  integral  parts,  and  it  must 
be  so  treated  on  its  inner  surfaces  that  the  concrete  does  not  adhere  to  it.  It  must 
be  noted  that  both  the  interior  and  exterior  walls,  or  shutters,  are  not  completed  before 
"  pouring  "  commences.  It  is  readily  understood  that  the  relatively  small  space 
between  che  walls  or  shutters,  threaded  as  it  is  by  a  network  of  reinforcement,  offers 
such  resistance  to  the  passage  of  the  concrete  as  to  render  abortive  all  attempts  to 
pour  through  long  distances.  Only  one  wall,  therefore,  is  completed,  and  the  other 
rises  in  stages  as  the  concreting  proceeds. 

The  more  fluid  the  mixture  the  easier  it  is  to  work  at  this  stage  ;  but  an  excess 
of  moisture  brings  in  its  train  undesirable  quahties  in  the  finished  article.  On  the 
other  hand,  it  is  difficult  to  ensure  that  a  very  dry  mixture  shall  fill  all  the  cavities, 
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and  the  "  setting  "  is  apt  to  be  too  rapid.  A  judicious  compromise  between  these  two 
extremes  gives  scope  for  the  exercise  of  care  and  skill  on  the  part  of  the  workmen 
engaged  on  the  construction. 

Before  any  concrete  is  poured,  of  course,  the  reinforcement  must  be  placed  in 
position.  This  is  one  of  the  operations  which  brings  into  relief  the  much  greater 
difficult^'  of  marine  work  as  compared  wdth  land  construction.  Even  with  a  straight 
frame  form,  beyond  the  midship  length  the  reinforcement  may  be  required  to  be 
curved,  and  as  the  distance  between  the  interior  and  exterior  walls  has  been  reduced 
to  the  minimum  to  save  weight,  the  accurate  placing  of  the  steel  and  its  retention  in 
the  correct  position  is  at  once  of  considerable  difficulty  and  great  importance.  Similar 
operations  in  land  work  are  effected  under  much  less  stringent  conditions.  Tliis  will 
probably  lead  in  reinforced  concrete  shipyards  to  the  development  of  a  class  of  skilled 
artisans  (\vith  the  usual  concomitants)  as  distinct  from  the  "  floating  "  labour  fre- 
quently emploj-ed  in  land  work.  To  keep  the  reinforcement  in  position  before,  and 
during,  pouring  the  component  members  are  \\dred  together  so  that  the  reinforcement 
as  a  whole  assumes  the  character  of  a  semi-rigid  skeleton.  The  Aviring  is  not  taken 
into  account  in  the  strength  calculations. 

As  an  illustration  of  the  effect  on  strength  of  inaccurate  placing  of  the  reinforce- 
ment it  might  be  observed  that  if  the  rods  in  the  section  shown  in  Diagram  C,  Ap- 
pendix I.,  were  placed  at  i  in.  from  the  lower  edge  of  the  member,  instead  of  at  /g  in. 
as  intended,  the  moment  of  resistance  to  bending  would  be  decreased  by  i6  per  cent., 
and  the  UabiUty  of  the  concrete  to  crack  when  subjected  to  tension  would  be  much 
increased. 

A  typical  midship  section  and  part  profile  are  shown  in  Fig.  3  (Plafe  II.)  ;  the 
main  reinforcing  elements  and  their  functions  are  indicated  thereon,  and  the  diversity 
in  size  is  clearly  seen. 

The  inspection  of  a  reinforced  concrete  vessel  just  prior  to  the  commencement 
of  pouring  is  apt  to  produce  in  the  mind  of  the  naval  architect  an  impression  other 
than  favourable.  The  imfamiUar  network  of  rods  scarcely  suggests  serious  ship- 
building, and  the  idea  that  these  should  be  replaced  by  the  more  usual  and  substantial 
sectional  material  at  once  presents  itself.  In  the  case  of  the  frames,  for  instance, 
two  angle  bars  connected  by  light  bracing  would  appear  to  possess  the  same  strength 
as  the  rods  in  combination  with  greater  ease  of  erection  and  immobihty  during  pouring. 
This  system,  however,  would  relegate  the  concrete  to  the  inferior  position  of  a  mere 
cover  for,  and  support  to,  a  complete  steel  structure,  and  would  be  a  return  to  a 
method  long  discarded  by  reinforced  concrete  engineers.  In  modern  reinforced  con- 
crete work  the  steel  rods  fulfil  their  true  function  when  employed  as  tension  members 
only,  while  the  concrete  takes  its  full  share  of  the  work  in  compression.  It  would 
seem  a  fundamental  error  to  cling  to  methods  of  construction  found  suitable  in  one 
material  when  dealing  with  another  material  of  a  totally  different  character.  Never- 
theless, it  is  not  suggested  that  a  measure  of  departure  from  the  pure  rod  or  mesh 
method  of  reinforcement  may  not  be  found  advantageous  in  shipbuilding  if  thereby 
construction  be  simplified,  even  at  the  expense  of  a  small  additional  amount  of  steel. 

The  majority  of  present-day  reinforced  concrete  designs  are  based  on  the  pro- 
duction of  a  vessel  which  should  be  cast  in  one  operation,  the  "  monohthic  "  method, 
and  the  foregoing  remarks  on  construction  have  primarily  reference  to  a  monohthic 
ship.  The  alternative  method  is  to  cast  the  integral  parts  separately  and  assemble 
them  at  the  slip — ^the  "  sectional  "  method.  A  few  words  descriptive  of  each  mil 
be  sufl&cient  to  outhne  their  characteristics. 

In  the  monolithic  method,  in  order  that  there  should  be  no  natural  cleavage 
fines  between  adjacent  areas  of  concrete  in  the  completed  vessel,  the  pouring  would 
have  to  proceed  continuously  and  fairly  rapidly  from  the  commencement.  The  large 
number  of  hands  necessary  to  make  the  pouring  a  continuous  operation,  and  in 
addition  to  effect  the  concurrent  erection  of  the  shuttering,  renders  impossible  the 
production  of  a  truly  monolithic  structure  in  all  but  verj-  small  ships.  In  practice, 
large  areas  are  allowed  to  "  set  "  before  the  pouring  of  the  adjacent  material  is  com- 
menced, precautions  being  taken  to  ensure  that  the  junction  of  the  old  and  the  new 
material  is  efficient  by  the  employment  of  a  pure  cement  "  grout  "  as  an  adhesive 
layer.  The  lines  of  cleavage  are  not  discernible  in  the  finished  product,  but  precau- 
tions are  taken  to  "  stagger  "  the  junctions  after  the  manner  of  butts  in  shell  and 
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deck  plating  of  a  steel  ship.  NotAvithstanding  the  possibility  of  making  joints,  it 
is  undesirable  to  have  marked  discontinuity  of  pouring,  and  the  efficiency  of  the 
structure  when  completed  is  dependent  on  atmospheric  influences  and  satisfactory 
labour  conditions  during  construction  in  a  manner  unknown  in  steel  ships. 

\Mien  attempting  to  produce  a  monolithic  structure  as  an  alternative  to  simple 
pouring  it  may  be  noted  that  it  is  possible  to  apply  the  concrete  by  means  of  a  spray, 
somewhat  after  the  fashion  of  a  sand-blast.  A  vessel  has  been  built  abroad  by  this 
process,  and  experiments  are  now  proceeding  in  this  country.  Whether  this  method 
will  prove  more  satisfactory  than  the  other  will  be  shown  only  by  the  results  of 
practice. 

In  the  "  sectional  "  method  portions  of  the  structure  more  or  less  extensive  are 
cast  from  moulds  which  should  be  capable  of  being  used  a  large  number  of  times.  A 
vessel  whose  sides  have  irregular  curvature,  or  one  in  which  there  is  no  great  extent 
of  parallel  middle  body,  is  evidently  ill-suited  to  this  form  of  construction.  The 
sections  are  assembled  in  place,  and  in  addition  to  the  "  grouting  "  referred  to  above, 
steps  must  be  taken  to  pro\dde  for  continuity  of  the  local  reinforcing  material.  As 
it  is  impossible  to  allow  the  general  longitudinal  reinforcement  to  be  broken  abruptly, 
it  is  ob\nous  that  it  cannot  form  part  of  the  sections,  and  must  therefore  be  placed 
in  position  separately  from  them.  As  an  example,  the  shell  with  its  frames  between 
the  points  A  and  B,  and  the  bottom  with  the  floors  between  the  points  C  and  D  (see 
Fig.  3,  Plate  II.),  might  be  cast  in  sections,  which,  in  the  fore  and  aft  direction,  may 
be  either  one  or  many  frame  spaces  in  length.  After  the  sections  are  assembled  the 
longitudinal  reinforcement  at  gunwale,  bilge,  etc.,  would  be  placed  and  the  concrete 
poured  round  it.  The  advocates  of  the  sectional  system  state  that  watertightness 
is  not  difficult  of  attainment,  and  that  cracks  due  to  the  contraction  of  the  concrete 
on  setting  are  less  likely  to  develop  than  in  the  monohthic  ship. 

A  complete  answer  to  these  two  claims  vnW.  be  afforded  only  by  the  practical 
results  of  ships  on  service.  The  sectional  system,  however,  undoubtedly  dispenses 
with  a  considerable  amount  of  shuttering,  and  is  susceptible  to  standardisation  of 
parts  to  a  much  greater  degree  than  is  the  monohthic  system. 

The  launching  of  a  vessel  subjects  the  structure  to  local  stresses  which  may  be  of 
considerable  magnitude.  The  steel  vessel  at  the  time  oi  launching  is  as  fit  to  resist 
these  as  she  ever  will  be.  The  process  of  maturing  concrete  extends  over  a  period 
of  years  and,  as  might  be  expected,  the  increase  of  strength  is  very  rapid  over  the  early 
part  of  that  period.  By  constructing  the  vessel  in  such  a  situation  that  she  may  be 
waterbome  ^vithout  subjecting  her  to  stresses  as  severe  as  those  imposed  by  launching, 
the  necessary  period  of  delay  between  the  completion  of  pouring  and  floating  is 
reduced.  The  advantages  of  floating  from  a  dock,  however  oimple  or  elaborate  it 
may  be,  as  distinct  from  launching  are  : — 

(i)  The  possibiUties  of  failure  of  the  structure  during  removal  from  the  building 
berth  are  mvich  reduced. 

(2)  The  number  of  berths  required  to  execute  in  a  given  time  any  programme  is 
reduced  owdng  to  the  fact  that  the  number  of  ships  lying  "  weathering  "  on  ^ry  land 
is  less. 

(3)  The  ground  can  be  permanently  levelled  and  prepared  so  as  to  form  the 
exterior  surface  of  the  bottom  shuttering,  whereas  bottom  shuttering  is  always  required 
(at  least  in  a  monohthic  vessel)  where  launching  is  contemplated. 

It  should  be  noted  that  given  equal  speeds  of  construction  the  time  from  lajring 
of  keel  to  deliver}^  to  owners  \n\l  be  the  same  under  either  method,  if,  as  is  essential, 
the  strength  on  the  maiden  voyage  is  to  be  the  same  in  both  cases. 

In  the  future,  the  choice  of  method  vAW  be  determined  by  the  financial  con- 
siderations governing  the  acquisition  and  development  of  the  building  site. 

Strength. — WTiat  follows  imder  this  heading  is  rudimentary  to  the  reinforced 
concrete  designer,  but  is  probably  not  quite  so  famihar  to  the  naval  architect,  and 
in  any  case  will  serve  to  give  a  quantitative  aspect  to  much  of  this  survey. 

Concrete  suitable  for  ship  construction  must  be  of  the  highest  quality  in  order 
to  ensure  watertightness  and  to  reduce  the  quantity  of  the  material  used.  A  suitable 
mixture  would  have  the  following  composition  by  volume  : — 

Cement.  Sand.  Coarse  material. 
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The  permissible  working  stresses  for  this  mixture  would  be  as  undernoted  : — 
Direct  compressive  .  .  .  .  .  .  .  .        730  lb.  per  sq.  in. 

Shearing         .  .  .  .  ,  .  .  ,  .  .  73       .. 

The  tensile  strength  of  any  concrete  mixture  is  so  low  that  all  textbooks  and 
regulations  agree  in  placing  it  at  zero  for  practical  purposes. 

The  modulus  of  elasticity  of  concrete  appears  to  vary  with  the  richness  of  the 
mixture  and  so  with  the  ultimate  strength  ;  further,  concrete  does  not  follow  Hooke's 
Law,  and  therefore  the  modulus  is  not  even  a  constant  quantity  for  any  one  specimen 
under  different  stresses.  For  mixtures  usually  adopted  in  practice  the  upper  and 
lower  limits  may  be  taken  as  2,000,000  lb.  per  sq.  in.  and  3,000,000  lb.  per  sq.  in. 
respectively.     For  the  mixture  given  above  it  may  be  taken  at  2,400,000  lb.  per  sq.  in. 

The  fact  that  reinforced  concrete  is  not  a  homogeneous  substance  introduces 
methods  of  calculation  which  are  not  familiar  to  the  naval  architect,  who  is  usually 
dealing  with  a  material  reasonably  assumed  homogeneous. 

To  produce  the  same  elongations  the  unit  stress  in  the  steel  must  be  to  the  unit 
stress  in  the  concrete  as  the  modulus  of  the  steel  is  to  the  modulus  of  the  concrete. 
That  is  to  say,  the  stress  in  the  steel  of  a  non-ruptured  reinforced  concrete  member 
must  be  roughly  : — 

30,000,000 
2,000,000  to  3,000,000 
i.e.,  15  to  10  times  that  of  the  adjacent  concrete.  From  this  it  follows  that  the  maxi- 
mum allowable  compressive  stress  in  the  steel  for  the  mixture  quoted  is  I2'5  times 
that  allowed  in  the  concrete — i.e.,  9,000  lb.  per  sq.  in.,  and  this  figure  must  not  be 
exceeded  if  the  concrete,  which  is  called  upon  to  resist  compression,  is  not  to  be  stressed 
beyond  the  permissible  amount.  On  the  other  hand,  the  allowable  tensile  stress  in 
the  steel  cannot  be  fixed  by  any  consideration  of  the  modular  ratio,  since  the  strength 
of  the  surrounding  concrete  is  taken  to  be  zero.  A  usual  figure  for  the  permissible 
working  tensile  stress  in  the  steel  is  16,000  lb.  per  sq.  in.,  wliich  figure  would  correspond 
to  a  tensile  stress  in  the  concrete  of  about  1,300  lb.  per  sq.  in.  were  such  possible.  As 
this  cannot  be  sustained  by  the  concrete  there  must  be  rupture  of  some  sort,  the 
possible  results  of  which  have  been  alluded  to  when  considering  corrosion. 

Lacking  rules  for  the  determination  of  the   scantUngs   of  reinforced  concrete 
vessels,  a  solution  may  be  sought  in  either  of  two  directions  : — 
(a)  By  the  application  of  first  principles,  or 

{b)  By  attempting  to  pro\'ide  the  same  strength  as  is  found  in  corresponding 
elements  of  a  steel  ship. 

That  the  latter  method  wall  be  proved  in  practice  to  be  the  more  satisfactory  is 
open  to  doubt.  As  is  well  known,  a  deliberate  provision  for  corrosion  is  made  in  steel 
vessels,  the  amount  of  this  being  largely  independent  of  size,  and  allotted  to  the 
different  elements  of  the  structure  in  varying  degree.  If  allowance  is  not  made  for 
this  a  pio\asion  to  resist  corrosion  in  a  steel  vessel  would  appear  as  a  pro\-ision  to 
resist  stresses  in  a  concrete  vessel  in  which  corrosion  is  absent.  Furthermore,  for 
instance,  the  determination  of  the  moment  of  inertia  of  a  frame  element,  in  a  steel 
vessel,  which  is  to  be  repeated  in  a  frame  element  of  a  reinforced  concrete  vessel, 
requires  the  inclusion  in  each  case  of  an  indefinite  quantity  of  shell  plating  ;  and  the 
results  ^\•ill  varj^  undulj^  according  to  the  choice  made. 

The  application  of  first  principles  does  not  mean  that  every-  element  of  the 
structure  is  treated  as  a  fundamental  problem.  The  naval  architect  will  naturally 
avail  himself  of  the  formulae  to  be  found  in  various  textbooks,  which,  confirmed  by 
practice,  have  crystaUised  in  the  form  of  building  regulations  for  land  work,  such  as 
those  of  the  L.C.'C.  and  the  R.I.B.A.  The  basis  of  these  formulae  is  well  known  ;  a 
few  examples  are  given  in  Appendix  I. 

Consider,  for  instance,  the  shell.  In  a  steel  vessel  experience  dictates  a  minimum 
as  necessary  to  provide  for  corrosion  and  to  prevent  undue  deflection.  In  reinforced 
concrete  vessels  the  minimum  thickness  is  also  indicated  by  practical  considerations. 
It  is  ob\ious  that  there  must  be  a  certain  "  cover  "  round  the  reinforcement.  Good 
practice  seems  to  place  this  at  about  one-half  inch.  Thus  the  irreducible  minimum 
thickness  is  about  twdce  half  an  inch  plus  the  diameter  of  the  reinforcing  element,  or, 
say,  one  inch  and  a  quarter.     But  such  an  arrangement  is  very  uneconomical  so  far 
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^^  strength  is  concerned  ;  the  efficient  use  of  material  results  in  a  disposition  somewhat 
as  indicated  in  Diagram  C,  Appendix  I.  Accordingly  the  thickness  of  the  concrete 
must  be  more  than  t%vice  that  of  the  cover  required  if  the  steel  is  to  be  called  upon 

to  ^^^^^^""^^^^^^^^^^^  of  possible  conditions  of  load,  reinforcement  is  required  in  both 
sides  as  is  frequently  the  case,  the  minimum  thickness  becomes  roughly  three  times 
the  •'•  cover  "  plus  t^\-ice  the  diameter  of  the  reinforcing  element,  say,  not  less  than 
two  inches.  As  a  matter  of  fact  a  very  usual  thickness  employed  to-day  for  a  vessel 
of  I  coo  tons  deadweight  is  about  three  inches.  It  is  interesting  to  note  that  this 
thickness  in  association  ^^'ith  a  three-foot  frame  spacing  and  stringers  3  ft.  apart 
(a  not  imusual  arrangement)  is  sufficient  to  deal  ^vith  the  hydrostatic  pressures  set 
up  by  the  maximum  draught  which  need  be  considered  for  the  ordinarj-^type  of  cargo 
carrier  WTiere  the  shell  is  di\aded  into  panels  by  transverse  and  longitudinal  members 
an  interesting  feature  emerges.  The  two  systems  of  reinforcement  usually  run  at 
right  angles  to  the  bounding  members,  and  so  the  relative  proportions  of  the  load 
carried  bv  each  system  must  be  assessed  before  calculations  can  proceed.  It  can  be 
shoxvn  that  when  the  panel  is  square  the  proportion  of  the  load  earned  in  each  direction 
is  50  per  cent,  and  as  the  panel  becomes  oblong  the  proportion  of  the  load  earned  by 
the  lonc-er  system  falls  away  until  a  stage  is  reached  when  it  is  not  economical  to  rein- 
force in  the  longer  direction.  An  example  of  the  use  of  "  reduction  factors  is  given 
in  Appendix  I.  In  passing,  this  consideration  raises  the  question  as  to  whether  an 
intercostal  in  the  double  bottom  of  a  steel  ship  is  instrumental  in  reducing  the  stresses 
in  the  plating  by  producing  a  smaUer  panel  than  would  othervnse  exist,  beanng  m 
mind  that  the  length  of  the  panel  so  formed  is  usually  three  to  fom  times  as  great  as 

its  A\'idth.  .   ,  ^       ^         .  ,, 

In  a  steel  ship  the  effect  of  the  weight  of  the  matenal  on  the  stress  is  usually 
neglected  ;  in  a  concrete  ship  this  is  taken  into  account,  vide  example  (c)  in  Appendix  I. 
Turning  next  to  the  consideration  of  the  hull  as  a  girder,  the  bending  moments 
are  determined  on  the  usual   assumptions.      It  is  possible  to  determine  the  moment 
of  inerria  of  the  midship  section  bv  a  similar  method  to  that  employed  for  steel  vessels, 
multiplying  the  area  of  each  steel  element  by  the  appropriate  modular  ratio.     This, 
however,  is  rather  a  laborious  proceeding,  and  in  practice  the  section  is  often  treated 
as  consisting  of  a  top  and  bottom  flange  onlv,  the  effect  of  the  vertical  walls  being 
omitted.     The  arm  of  the  resisting  moment  is  then  the  vertical  di.stance  between  the 
centres  of  figure  of  the  tension  and  compression  members,  the  concrete  being  left  out 
of  account  in  the  tension  member,  and  the  steel  and  concrete  both  included  in  the 
compression  member.     To  emphasise  the  effect  of  modular  ratio  it  may  be  pointed 
out  that  if  the  percentage  area  of  steel  in  the  compression  member  is  three,  the  per- 
centage vdrtual  augmentation  of  area  of  concrete  is  three  times  the  modular  ratio, 
or   say,  40  per  cent.     The  bending  moment  to  be  resisted,  di\-ided  by  the  arm  of  the 
resisting  moment,  gives  the  total  load  to  be  distributed  over  both  flanges  of  the  girder, 
which,  divided  by  the  effective  area  of  each  flange,  gives  the  respective  mean  unit 
stress  therein  (see  Fig.  3,  Plate  II.).     The  hogging  bending  moment  is  usually  greater 
than  that  in  the  sagging  condition,  and  so  it  is  to  be  expected  that  the  amount  of 
reinforcing  steel  at  the  deck  will  be  greater  than  that  in  the  bottom,  as  shown  in  fact 
by  Fig.  3.     In  order  to  avoid  superimposing  one  stress  upon  another,  those  parts  of 
the  structure,  whether  of  steel  or  concrete,  which  are  already  called  upon  to  lesist 
the  principal  hvdrostatic  or  other  loads  are  not  considered  as  contributing  to  the 
longitudinal  strength.     For  example,  the  steel  rods  in  the  deck  slabs  are  not  taken 
as  being  effective  elements  of  the  structure  so  far  as  hogging  bending  stresses  are  con- 
cerned, notwithstanding  the  fact  that  these  small  members  can  scarcely  be  prevented 
from  contributing  to  the   general   structural   strength.     The   reduction  of  resisting 
moment  at  the  ends,  consonant  with  the  decline  of  bending  moment,  is  effected 
simply  by  the  gradual  eUmination  of  a  certain  number  of  the  lon?^tudinal  rods. 

The  analysis  of  the  effects  of  a  shearing  force  show  that  tensile  forces  are  set  up 
and  have  to  be  resisted  in  the  body  of  the  material.  Tlris  explains  why  the  figure 
quoted  on  p.  5  as  the  permissible  shearing  stress  is  so  low.  In  accordance  %vith  this 
fact  it  is  found  that  the  dimensions  of  a  reinforced  concrete  member  are  much  more 
dependent  on  shearing  force  than  is  the  case  in  a  steel  member.  The  stresses  set  u]-. 
by  a  shearing  force  can  be  resisted  by  rods  placed  in  such  a  way  as  to  be  subjected 
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to  pure  tension  only,  thus  fulfilling  their  proper  function.  It  can  be  sho\TO  theoretically 
that  these  rods  should  be  placed  at  about  45  degrees  to  the  top  and  bottom  faces 
and  the  greater  the  shearing  force  the  more  closely  they  should  be  arranged.  An 
instance  of  this  method  is  shown  in  the  floors  of  the  section  in  Fig.  3.  It  is  not  always 
convenient,  however,  to  introduce  such  diagonal  members,  and  tension  members  at 
right  angles  to  the  two  faces  are  frequently  substituted  therefor.  This  disposition 
requires  material  to  resist  compressive  stresses  in  a  diagonal  direction,  which  duty 
is  legitimately  performed  by  the  concrete.  Such  reinforcement  is  fitted  in  frames 
and  floors  (see  Fig.  3),  and  takes  the  form  of  "  stirrups,"  or  rods  looped  over  the  tension 
and  compression  members.  Where  not  wholly  required  to  resist  shear  these  have 
the  further  function  of  preventing  the  reinforcement  in  compression  shirking  the  load 
and  failing  through  buckling.  At  the  quarter  lengths  of  the  ship,  where  the  shearing 
forces  on  the  structure  as  a  whole  reach  their  maximum,  additional  vertical  reinforce* 
ment  must  be  provided  in  the  shell ;  an  alternative  method  is  to  bend  up  some  of  the 
main  longitudinal  members  which  are  no  longer  required  to  carry  tensile  loads. 

Weight. — ^The  weight  of  a  cubic  foot  of  plain  concrete  is  about  145  lb.  The  wei^^ht 
of  a  cubic  foot  of  reinforced  concrete  naturally  depends  on  the  percenta^^e  of  steel 
included  therein.  For  land  work  the  figure  for  the  percentage  of  area  of  steel  to 
area  of  reinforced  concrete  ranges  from  0-5  to  1-5.  Taking  for  the  moment  a  percentage 
area  of  steel  of  i,  the  weight  of  reinforced  concrete  is  about  150  lb.  per  cu.  ft.,  when 
steel  is  490  lb.  per  cu.  ft.     The  relative  weights  are  therefore  1:3-3. 

The  mixture  quoted  on  p.  5,  when  reinforced  with  i  per  cent,  of  steel,  has  a 
permissible  compressive  stress  of  810  lb.  per  sq.  in.  The  relative  strengths  are  therefore 
16,000  :  810,   or   19-8  :  i.     This  elementarj^  consideration  shows  that  for  the  same 

conditions  the  relative  weights  are  i^  :  i,  or  6  :  i.    As  vnU  be  seen  shortly,  the  area 

of  reinforcement  in  a  i,ooo-ton  vessel  is  more  nearly  4  per  cent,  than  i  per  cent,  of 
the  area  of  reinforced  concrete,  which  reduces  the  ratio  roughly  to  4-5  :  i.  Again, 
considering  the  case  where  3  in.  of  reinforced  concrete  corresponds  to  0-4  in.  of  steel 
(an  actual  case  for  a  large  barge),  the  relative  weights  are  0-4  X490  :  3  x  150,  or  2-3  :  i. 

In  the  present  early  stage  of  development  it  is  natural  to  expect  that  Avidely 
differing  estimates  of  weight,  both  as  regards  concrete  and  reinforcement,  \vill  be 
advanced  by  various  engineers  for  the  same  ship  ;  anyone  deaUng  with  reinforced 
concrete  vessels  to-day  has  constant  evidence  of  this.  But  it  is  found,  as  mi^^ht  be 
expected,  that  the  percentage  of  reinforcement  steadily  increases  Avith  size  of  ship. 
Thus,  average  figures  for  percentage  weight  of  steel  to  total  weight  of  reinforced 
concrete  are,  for  a  500-ton  barge  11  per  cent.,  for  a  i,ooo-ton  barge  14  per  cent.,  for 
a  6,000-ton  steamer  22  per  cent.  This  last  figure  corresponds  to  a  percentage  area 
of  steel  to  reinforced  concrete  of  about  7  per  cent.,  and  when  it  is  recalled  that  an 
average  figure  in  land  work  is  about  i  per  cent.,  the  much  more  onerous  requirements 
of  marine  construction  are  again  emphasised. 

The  shipo\\Tier  is  chiefly  interested  in  the  loss  in  deadweight-carrj.'ing  abiUty.  If 
a  vessel  of  the  same  dimensions  as  the  i,ooo-ton  concrete  barge  noted  above  had  been 
built  in  steel,  she  would  have  carried  somewhere  between  35  and  40  per  cent,  more 
deadweight. 

The  quantity  of  steel  required  in  this  reinforced  concrete  vessel  is  less  than  one- 
third  that  used  in  the  steel  ship,  but  the  finished  hull  weight  is  nearly  twnce  that  of 
the  latter,  even  when  allowances  have  been  made  for  the  omission  of  cement  and 
paint  in  the  heavier  ship.  WTiere  internal  volume  is  the  measure  of  the  cany-ing 
capacity  of  a  vessel,  this  increase  of  weight,  though  not  without  its  drawbacks,  is 
not  vital,  but  where  deadweight  is  the  governing  factor,  the  advantages  are  hea\-ily 
in  favour  of  the  steel  structure. 

A  detailed  comparison  of  the  technical  particulars  of  the  6,ooo-ton  deadweight 
steamer  mentioned  above  will  be  of  interest.  It  is  observed,  however,  that  while 
the  figures  quoted  for  the  steel  ship  are  probably  accurate,  the  weight  of  the  reinforced 
concrete  hull  is  purely  estimated,  respresents  a  much  larger  vessel  than  has  yet  been 
attempted  in  the  new  material,  and  lacks  the  confirmation  of  practice.  With  this 
proviso  it  may  be  added  that  it  seems  reasonable,  though  without  erring  on  the 
heavj'  side. 
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Steel. 

Reinforced  Concrete 

Length 

375  ft. 

375  ft. 

Displacement 

9,900  tons 

9,900  tons 

Steel    

1,920  tons 

680] 

•3,150  tons 
2,470}-^'   ^ 

Concrete 

— 

Wood  and  outfit 

400     ,, 

350  tons 

^lachinery 

570     .. 

570     ,, 

Lightweight  .  . 

2,890     ,, 

4,070     „ 

Deadweight .  . 

7,010     ,, 

5.830     „ 

From  the  above  it  will  be  noted  that  1,180  tons  of  deadweight  is  lost,  or  17  per 
cent,  of  that  carried  in  the  steel  ship  ;  that  the  bare  hull  of  the  concrete  ship  is  65 
per  cent,  heavier  than  that  of  the  steel  ship,  and  that  the  lightweight  of  the  concrete 
ship  is  40  per  cent,  greater  than  that  of  the  steel  ship. 

It  is  impossible  to  state  exactly  to  what  extent  the  loss  in  deadweight  \%'ill  restrict 
the  application  of  reinforced  concrete  to  the  construction  of  cargo  carriers,  since  the 
cost  of  construction  in  reinforced  concrete  is  still  somewhat  conjectural. 

Even  though  quantitative  figures  are  thus  unobtainable,  it  is  possible  to  deduce 
certain  qualitative  conclusions  which  are  of  value.  The  follow-ing  figures  represent 
a  reasonable  analj'sis  of  the  manner  in  which  the  total  cost  of  the  375-ft.  steamer 
would  be  made  up  if  built  in  steel. 

Bare  hull,  53  ;  machinery',  26  ;  remainder,  21  ;  total,  100.  If  it  be  allowed  that 
the  deadweight  carried  is  a  measure  of  the  earning  capacity,  a  reduction  of  17  per  cent, 
in  this  respect  must  be  balanced  by  a  corresponding  reduction  in  prime  cost  of  ship. 
The  reduction  in  this  instance  will  be  17  per  cent,  multiplied  by  100/53,  or  32  per  cent, 
in  bare  hull  cost,  since  the  cost  of  the  other  two  items  remains  unaltered.  A  closer 
investigation  of  the  question  will  show  that  this  is  only  a  very  rough  approximation, 
and  that  the  absolute  cost  of  running  the  vessels  (even  if  it  be  taken  to  be  the  same 
in  each  case),  the  percentage  of  profit  assumed,  and  other  matters  of  accountancy 
have  a  powerful  influence  on  the  result.  These,  how^ever,  all  have  the  effect  of 
increasing  the  figure  of  32  per  cent,  noted  above,  and  it  can  be  stated  with  fair  certainty 
that  reinforced  concrete  \v\\\  not  replace  steel  for  the  ordinary  cargo  carrier  unless  the 
hull  can  be  built  for  considerably  less  than  half  the  cost  of  building  the  same  hull 
in  steel  (see  Appendix  II.). 

In  spite  of  this  there  appears  to  be  a  class  of  floating  structures  in  which  reinforced 
concrete  may  well  replace  steel.  Where  the  additional  weight  is  more  than  counter- 
balanced by  the  durability  and  reduced  prime  cost  of  the  new  material,  there  is  reason 
to  expect  that  its  adoption  ^^^.ll  naturally  follow. 

There  would  therefore  seem  to  be  a  future  for  reinforced  concrete  in  such  structures 
as  lightships,  floating  docks,  landing  stages,  hulks,  depot  ships,  and  similar  craft, 
and  it  mav  confidently  be  expected  that  even  when  the  artificial  stimulus  to  reinforced 
concrete  construction  pro\ided  by  present-day  conditions  is  removed  the  industry 
will  still  persist  on  the  sound  footing  of  commercial  and  technical  suitability. 


In  the  preparation  of  this  paper  I  wish  to  acknowledge  the  assistance  of  Mr. 
A.  M.  Robb,  who  has  been  closely  associated  with  the  present  programme  of  construc- 
tion from  the  beginning,  and  also  the  kindness  of  various  concrete  engineers  who 
have  supplied  certain  figures  and  data  used  in  the  paper. 


MEMORANDUM. 

An  interesting  paper  on  the  subject  of  Concrete  Shipbuilding  was  read  last  monih  at 
Newcastle  by  Mr.  T.  J.  Gueritte,  the  publication  of  which  we  must  hold  over  for 
a   subsequent  issue. 
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CONCRETE    VESSELS 
IN    FRANCE. 


By  the  courtesy  of  the  Editor  of  "  Le  Genie  Ci'vil  "  lue  are  able  to  reproduce  the  follotuing 
particulars  ana  illustrations  regarding  concrete  shipbuilding  in  France. — ED. 


For  a  long  time  France  v.as  behind  some  other  countries  in  the  construction  of 
barg-ea  and  other  vessels  in  reinforced  concrete,  but  she  has  now  made  good 
her  deficiencies,  and  is  able  to  produce  these  vessels  in  considerable  numbers. 

Lorton  System. — Details  of  a  barge  built  under  the  Lorton  system  are 
shown  in  Figs,  i  and  2.  The  former  shows  on  a  larger  scale  the  curved  sides 
of  the  vessel,  which  have  been  designed  specially  to  give  a  minimum  thick- 
ness and,  at  the  same  time,  to  offer  a  greater  resistance  to  compression  and 
bending  than  can  be  obtained  when  straight  sides  are  used.  The  parabolic 
curv^es  shown  in  Fig.  i  liave  been  chosen  for  their  resistance  to  flexion  pressure 
and  shocks,  and  have  permitted  the  thick- 
ness  of  the  casing  to  be  reduced  by  more   ^    kt -^^^---^ - i^^-.., 

than  30  per  cent.  ^^*V 

This  barge  was  launched  on  Novem-   ^^J^l 
ber  5th,   191 7,  near  the  confluence  of  the    ^i 
Marne  and    Seine.       It     is     150   ft.   long,    ^' 
26  ft.  wide  over  all,  .and  25  ft.  wide  and    ***!' 
10  ft.  high  internally,  with  a  deadweight 
capacity    of    700    tons,  a   draught   when   "^ 
empty  of  2  ft.  and  when  loaded  of  10  ft., 
and  a  displacement  of  845  tons.     When  'jqJ 
empty    the    vessel    weighs    170  tons,    of 
which   12  tons  is  the  weight  of  the  steel   j,? 
reinforcemen   .       The  rectangular  portion 
of  the  hold  i     106  ft.  ;  the  walls  are  i^  in. 
thick  and  are  strengthened  by  a  webbing 
\\  in.  thick,  which  forms  a  series  of  com-  fjg-  i-   Half  section  of  vessel  shown  in  Fig.  2. 
partments  each  2  ft.  8  in.  by  2  ft.  6  in. 
The  reinforcement  is  arranged  to  form  these  compartments,  as  shown  in  F\g.  2. 

The  longitudinal  members  are  16  in.  high  and  32  in.  apart.  The  couples 
are  22  in.  high  and  are  spaced  40  in.  apart  on  the  base,  but  their  vertical  parts 
are  slightly  narrower.  The  whole  system  is  strengthened  by  four  closed  bulk- 
heads, one  fore,  one  aft,  and  two  midships,  and  leaving  two  large  holds,  each 
56  ft.  8  in.  by  22  ft.  8  in.  for  the  cargo.  The  gunwales  which  limit  the  hatch- 
ways of  these  holds  are  T-beams  spaced  20  ft.  apart. 
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The  ingenious  use  cJ  curved  pieces  for  the  sides  of  the  vessel  enables  the 
minimum  of  material  to  be  used  in  its  construction,  and  thereby  ensures  a 
liohtness  which  is  very  striking'  in  a  concrete  vessel.  Not  only  is  the  weight 
of  concrete  required  unusually  small,  but  only  12  tons  of  steel  are  required  foe 
a  boat  of  700  tons  capacity,  as  compared  with  85  tons  for  a  boat  built  of  steel 

in  the  ordinary  manner.  A  wooden  vessel 
would  be  rather  lig-hter,  but  much  more 
costly  and   would    require    much    longer   to 

ni    {        i-    '     '  f   i^l>S.       '  i   I  '^  further  advantage  of  reinforced  con- 

crete lies    in  the   fact  that,    whilst  ordinary 
wooden     and     steel  vessels   'are   necessarily 
designed  to  carry    a    uniformly  distributed 
lead,   a  concrete  vessel  may  be  designed  in 
^    the   form  of    a    large  number  of  segments, 
g    each   able   in   itself  to   resist  the  w-hole  load 
{^    if    concentrated    at    one    part,    so    that    the 
p    vessel  as  a  whole  can  be  made  much  stronger 
3    than  one  built  of  any  other  material. 
^  Concrete    vessels    for    use   on  the  high 

I  seas  present  no  special  difficulties.  On  the 
>  contrar}",  if  the  same  arrangement  of  re- 
g  inforcement  is  used,  the  greater  size  of  the 
g    seafaring  vessels  will  reduce  the  weight  of 

0  material  relative  to  capacity,  and  a  point 
°    can   be    reached    at   which   concrete    vessels 

z 

J.  are  no  heavier  than  those  of  equal  capacity, 

p  but  built  of  wood  or  steel.       Moreover,  the 

1  construction  of  concrete   vessels  is   such   as 

2  to  give  them   a  much  greater  resistance   :o 

a    accidental   blows,    and  even   when   thev   arc 

t/)  ..." 

™     damaged    the    concrete    is    much    easier   to 

,j     repair  than   wood  or   steel.*     (This   system 

^     has  been  patented  in  France  and  England.) 


('.    .-1.  Roux  System   (see  Fii:s.   6-9). — 
The    Societe    Entreprise   Generate   d' Etudes 
has  begun  the  construction  of  a  cargo  boat 
of  450  tons  capacity  of  the  following  dimen- 
sions,   to    be    completed   in   Apiil,    for  the 
transport    of    coal    from    Cardifl"    to    Paris  : 
Total   length    152  ft.,    total    breadth  26   ft., 
depth  of  hold    12   ft.   6  in.,  draug-ht   10   ft., 
displacement  900   tons,   weight   450  tons,    deadweight   capacity  450   tons,    esti- 
mated  speed  9  knots;     motive    power   required:     two   petrol    engii.es   each    of 
165  h.p. 

*  Mons.  Lorton  informs  us  that  vessels  built  on  this  sj-stem,  and  now  in  use,  e.xceeil  5.000 
tons. — En. 
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Fig.  4.    Reinforced  Con'crete  Vessel  (Lorton  System). 
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a  beam   with   a  hig^h   factor  of  safety    (  —    instead  of 


^  20  30 


The  shell  is  built  wliolly  of  reinforced  concrete,  2*4  in.  thick,  with  reinforc- 
ing bars  at  right  angles  to  each  other.      The  principal  member  is  calculated  as 

J.    Quarrers   for   the 

crew  and  live  stock  are  arranged  fore,  the  engines  and  cfTicers'  quarters  being 
aft. 

A  further  series  of  ten  similar  boats  is  to  be  completed  before  the  end  of 
the  year. 

The  same  firm  has  also  commenced  a  series  of  boats  on  similar  lines  for 
the  Gironde  and  Mediterranean;  one  of  1,000  tons  commenced  in  March 
in  the  Gulf  of  St.  Tropez,  and  others — of  1,500  and  2,000  tons  respectively — 
are  contemplated,  the  idea  being  to  increase  the  capacity  of  each  new  boat  by 
500  tons,  so  as  to  gain  experience  without  undue  risk. 


\'i>  '.V  .  ih   Kk: 
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Hennebique  System  (see  Figs.  10-14). — The  Association  Commercial  de 
Constructions  Maritimes  has  recently  commenced  a  1,000  tons  motor  boat,  10 
be  reinforced  on  the  Hennebique  system  under  the  care  of  Louis  Quesnel.  The 
boat  is  of  reinforced  concrete,  but  the  five  internal  partitions  which  divide  it 
into  six  compartments  are  of  wood,  the  fore  and  aft  partitions  being  stayed 
on  both  sides.  The  first  and  sixth  compartments  are  for  wate.--ballast,  the 
second,  third,  and  fourth  are  for  cargo,  and  the  fifth  for  the  engines. 

The  principal  dimensions  of  this  vessel  are  :  Length  between  perp>endicu- 
lars  185  ft.,  width  34  ft.,  depth  of  hold  19  ft.,  draught  when  empty  9  ft.,  when 
loaded  16  ft.,  displacement  when  empty  1,120  tons,  when  loaded  2,120  tons, 
engines  400  h.p.,  speed  8-5  knots. 

The  reinforcement  consists  of  longitudinal  and  transverse  bars,  spaced 
respectively  4  ft.  and  5  ft.  apart,  the  lower  ones  being  pierced  with  2-ft.  holes 
to  permit  the  free  circulation  -)f  the  water  to  the  pumps. 
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The  concrete  shearing  and  floorhig  timbers  are  2  ft.  8  in.  wide  and  4  in. 
to  8  in.  thick;    the  hull  is  4  in.   thick. 

The  hull  of  the  vessel  is  of  dense  concrete  with  two  coats  of  coal-tar,  applied 
whilst  hot.  The  deck  is  faced  with  about  i  in.  of  cork  powder  mixed  with  a 
magnesium  oxychloride  cement. 

In  constructing  vessels  on  the  Hennebique  system  it  is  assumed  that  the 
hull  will  take  all  inclmations  up  to  30°  on  any  tack.     The  various  elements  of 


CD 


I 


h 


the  loads  are  fixed  bv  the  assumed  weights  of  the  different  accessories  and  the 
reinforcement.  The  wing-transoms  and  carlings  are  calculated  for  an  internal 
pressure  of  1,000  lb.  per  sq.  ft.  without  making  any  allowance  for  the.r  own 
weight  or  that  of  the  cargo. 

The  floor  tinihers  are  calculated  to  allow  for  each  of  the  foUowmg  :    (i)  sub- 
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pressure  of  i,ooo  lb.  per  sq.  ft.  deducted  from  the  weight  of  the  shell  and  half 
the  load  ;  [2)  sub-pressure  of  300  lb.  per  sq.  ft.  deducted  from  the  weig-ht  of 
the  shell  plus  the  total  load  carried. 

The  riders  are  calculated  to  allow  for  (i)  an  external  pressure  of  1,000  lb. 
per  sq.  ft.  without  any  internral  pressure,  and  (2)  an  internal  pressure  of  500  ib. 
per  sq.  ft.  without  any  external  pressure.  In  the  water-tight  compartments  it 
is  assumed  that  the  partitions  are  strong  enough  to  withstand  the  pressure  of 
the  bulkhead  when  full  of  water. 

The  upper  deck  must  be  able  to  support  an  overload  of  500  lb.  per  sq.  ft. 
more  than  its  own  weight,  assuming  that  the  hatches  are  loaded  to  i  ton  and 
transmit  this  load  indirectly  to  the  supporting  beams. 


Fig.  12.     Section  of  Fig.  10  on  6th  Couple.       Fig.  13.     Section  of  Fig.  10  on  21st  Couple. 


Fig.  14. 


Section  of  Fig.  10  on 
32nd  Couple. 


It   is   also  assumed    that   the   hull,  when   lifted   on   the  crest  of   a   wave,   -s 


submitted  to  a  m.aximum  moment  of  flexion  ^  (either  positive  or  negative), 
in  which  L  is  the  length  of  the  vessel  between  perpendiculars  and  P  the  total 
weight  of  the  fully  loaded  vessel.  The  section  of  the  longitudinal  reinforce- 
ment calculated  to  resist  this  stress  is  maintained  constant  on  the  central  half 
of  the  length  of  the  vessel,  and  is  gradually  reduced  towards  the  ends,  where 
it  is  onlv  one-quarter  of  its  maximum  value. 

The  maximum  .shearing  stress  is  taken  ns  ^   on  the  central  three-quarters 

of  the  length  of  the  vessel. 
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A  longitudinal  torsional  oouple  up  to  —  is  allowed. 

The  reinforcement  must  be  sufficiently  strong  to  allow  the  vessel  to  rest 
on  its  keel  or  partly  on  its  side  and  its  keel  on  the  beach  or  in  a.  dry  dock 
without  any  other  support. 


5  ■         T 

'"i        -J 

Fig.  15.     Concrete  Schooner  (Marelle  System). 

Marelle  System  (see  Fig.  15).— According  to  M.  R.  Marelle,  a  naval 
eno-ireer  of  Marseilles,  the  ordinary  methods  of  calculation  and  design  of 
reinforced  concrete  structures  are  not  applicable  to  seafaring  vessels,  and  it  is 
necessary  to  take  more  closely  into  account  the  enormous  flexional  and  torsional 
stresses  which  are  often  applied  quite  suddenly  and  in  rapid  alternations  to  ships 
at  sea.  He  declares  that  the  strength  of  the  concrete  ought  not  to  enter  into 
any  calculation,  but  that  the  reinforcement  should  be  strong  enough  of  itself  to 
I  go 
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resist  anv  force  to  which  the  vessel  is  likely  to  be  exposed,  this  strength  being 
secured  by  fixing  the  cross-pieces  of  the  reinforcement  firmly  by  screwing, 
soldering',  or  any  other  suitable  mechanical  means.  He  prefers  to  use  a  few 
reinforcing  members  of  large  diameter  rather  than  a  large  number  of  smaller 
pieces.  Marelle  considers  that  the  weig^ht  of  the  reinforcement  should  be  cne- 
quarter  of  that  of  a  hull  built  completely  of  metal. 

Fig.  6  shows  a  molor-driven  and  sailing"  schooner  of  600  tons  displacement 
when  loaded  which  is  capable  of  "doubling  the  Cape  of  Gvood  Hope."  This 
vessel  has  a  double  keel  rising  at  each  end  to  the  water-line.  The  water-tight 
compartments  are  double.  The  decks  are  of  reinforced  concrete.  The  weig^ht 
of  the  vessel  when  ready  to  receive  its  cargo  is  300  tons  ;  the  free-space  in  the 
three  holds  is  about  2,700  cu.  ft. 

At  first  sight  it  would  appvear  as  though  this  mode  of  construction  would 
lose  two  great  advantages  which  it  is  usually  sought  to  obtain  from  the  use  of 
reinforced  concrete — viz.,  rapidity  and  cheapness  of  construction.  M.  Marelle 
has  stated,  however,  that  the  time  required  for  building  such  a  vessel  as  the 
one  illustrated  is  less  than  six  weeks,  and  undertakes  to  put  on  the  stocks  every 
three  weeks  a  vessel  of  any  size  up  to  2,000  tons,  the  cost  of  the  hull  not  to 
exceed  haJf  that  of  a  vessel  of  similar  shape  and  size  constructed  wholly  of  steel. 

Ihere  is  a  general  desire  on  the  part  of  French  naval  authorities  to  insist  on 
the  use  of  various  forms  of  fender  or  sheathing-  to  protect  the  hulls  of  concrete 
vessels  from  blows  and  shocks. 


191 


AMERICAN  CONCRETE  INSTITUTE. 


(c^Q^rm 


REPORT  OF  THE  JOINT  COM. 
MITTEE  OF  THE  AMERICAN 
CONCRETE  INSTITUTE  AND 
PORTLAND  CEMENT  ASSO- 
CIATION ON  CONCRETE 
BARGES   AND    SHIPS, 


In  view  of  the  considerable  amount  of  attention  -which  is  being  accorded  at  the  present 
time  to  the  question  of  reinforced  concrete  for  shipbuilding  purposes,  toe  think  the  Report 
''f'^^Pj/y  Published  by  the  above  Committee,  in  the  United  States, -will  probably  be  of  interest 
in  this  country  also.  In  the  introductory  part  of  the  Report,  -which  tve  publish  in  this 
issue,  the  various  problems  that  arise  in  connection  ivith  concrete  for  ships  are  dealt 
with,  whilst  the  second  part  of  the  Report,  which  we  shall  publish  next  month,  deals 
•with  design.— ED. 


INTRODUCTION. 

The  idea  of  building-  ships  or  other  floiatini^  vessels  of  reinforced  concrete  is  not 
new.  For  many  years  and  in  several  different  countries  attempts  have  been 
mad.^  from  time  to  time  to  build  small  boats  and  barges  of  reinforced  concrete. 
From  the  information  at  hand,  apparently  some  of  these  attempts  have  been 
successful,  and  the  vessels  thus  built  have  been  in  use  for  considerable  periods. 
However,  no  definite  information  regarding-  boats  built  prior  to  the  war  is  at 
hand  whicJi  would  assist  your  Committee  in  solving-  the  g-eneral  problem  of  the 
concrete  ship. 

Since  the  iDeginning-  of  the  war,  however,  owing  to  the  loss  of  the  world's 
tonnage  due  to  submarine  sinkings,  the  attention  of  many  naval  architects, 
concrete  engineers,  and  others  has  been  drawn  to  the  question  of  concrete  ships 
to  replace  those  sunk.  The  scarcity  of  steel,  wood,  and  labour,  and  the  length 
of  time  necessary  to  construct  ships  of  steel  or  wood  directs  attention  generally 
to  the  substitution  of  reinforced  concrete.  Norway  appears  to  have  taken  the 
lead  in  this  work,  and  two  different  companies  are  already  building  ships  of 
concrete.  The  Porsgrund  Cement  Works,  whose  vice-president  and  general 
manager,  Mr.  Hens  Hauland,  has  recently  been  in  this  country,  has  already 
launched  one  or  more  ships  of  lOo-tons  cargo  capacity,  and  is  reported  to  have 
under  construction  a  ship  of  i,ooo-tO'ns  cargo  capacity.  The  genera!  design  of 
these  ships  follows  generally  that  of  a  framed  steel  ship,  and  your  Committee 
has  been  informed  by  Mr.  Hauland  that  the  weight  compares  very  favourably 
with  that  of  a  steel  ship.  No  definite  information  is  available,  however,  by 
which  this  statement  can  be  verified. 

The  Fougner  Stsel  Concrete  Shipbuilding  Company,  of  Christiania, 
Norway,  has  been  building  vessels  since  June,  1916.  .About  eighteen  in  all 
have  been  launched  up  to  tnc  present  time.  Several  others  are  under  construc- 
tion The  Namscnfjord,  about  400  tons  displacement,  launched  some  time 
ago,  has  made  a  round  trip  between  Norway  and  England.  No  detailed 
information  is  available  at  the  present  time  regarding  these  vessels  that  would 
thro^.v  light  on  the  general  problem. 
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On  this  side  of  the  Atlantic  at  least  two  ships  are  under  construction.  At 
San  Francisco  a  large  ship  about  5,000-tons  capacity  is  being-  built,  and,  from 
information  at  hand,  will  be  .-ihortly  launched.  Your  Committee  learns  that 
this  ship  is  320  ft.  long,  44  fl.  6  in.  beam,  and  30  ft.  o  in.  deep.  At  24-ft. 
draught  the  displacement  is  said  to  be  8,000  tons.*  The  weight  of  the  hull  is 
said  to  be  2,200  tons.  At  Montreal,  Canada,  a  small  concrete  ship  which  will 
have  abciut  300-tons  carrying  capacity,  has  already  been  launched,  and  is  now 
being  equipped.  This  vessel  is  being  constructed  by  the  Atlas  Construction 
Co.,  Ltd.,  of  which  Mr.  Chas.  M.  Morssen  is  president.  This  ship  is 
T26  ft.  o  in.  long  between  perpendiculars,  22  ft.  6  in.  beam,  with  a  depth  of 
12  ft.  6  in.  The  displacement  is  about  650  tons.  The  ship  will  be  self- 
propelled,  and  is  now  being  equipped  w'ith  boilers  and  engines.  She  will 
shortly  make  her  first  trip.      No  estimate  of  cost  is  at  present  available. 

With  the  exception  of  the  two  ships  noted  above,  little  information  has 
been  gained  from  the  ships  now  under  construction  which  will  assist  in  the 
solution  of  the  concrete  ship  problem. 

The  present  report  will  confine  itself  to  a  g'eneral  statement  of  the  several 
elements  which  make  up  the  concrete  ship  problem  and  a  discussion  of  the 
iiiformation  obtained  from  the  tentative  design  of  a  conc/ete  ship. 

In  order  to  make  any  advance  toward  the  solution  of  the  concrete  ship 
problem,  information  must  be  obtained  concerning-  several  points  regarding 
which  only  meagre  inform.ation  is  now  available.  These  points  taken  together 
constitute  the  concrete  ship  problem. 

(i)  The  Relation  betiveen  Carrying  Capacity  and  Displacement. — The 
displacement  of  a  ship  is  the  weight  of  the  water  she  displaces,  and  is  therefore 
the  sum  of  the  weight  of  the  ship  itself  and  its  cargo  capacitv  expressed  in 
tons.  The  cargo  capacity  will  hereafter  be  spoken  of  as  the  "  dead  weight  " — 
following  the  usual  practice  with  naval  architects,  ^^^herever  displacement, 
dead  weig-ht,  or  weight  of  ship  is  spoken  of  it  will  he  in  terms  of  long  tons 
(2,240  pounds),  which  is  the  usual  practice. 

It  is  apparent  that  the  efficiency  of  a  ship  as  a  cargo  carrier  depends  upun 
the  relationship  between  dead  weig-ht  and  displacement.  Expressed  in  terms 
of  per  cent,  in  the  average  cargo  ship  built  of  steel  the  dead  weight  is  from  70 
to  75  per  cent,  of  the  displacement,  taking  into  account  as  weight  of  ship  all 
spars,  fittings,  deck  houses,  .anchors  and  chains,  auxiliarv  engines  and  tanks, 
but  not  boilers,  engines,  or  coal.  In  a  wooden  ship  the  dead  weig'ht  is  from 
60  to  65  per  cent,  of  the  displacement.  It  is  cjuitc  evident  that  from  tin- 
difference  in  weight  of  materials  it  will  be  difficult  to  design  a  ship  of  concrete 
that  will  give  a  relation-hip  between  dead  weight  and  displacement  approaching 
that  of  steel.  However,  if  ships  are  to  be  built  of  concrete  for  commercial  use, 
the  weight  of  the  ship  must  be  such  as  to  provide  a  reasonable  dead  weight  or 
cargo  capacity  for  the  displacement. 

(2)  Transverse  Strength. — The  stresses  in  the  transverse  members  of  a 
ship  are,  in  still  water,  functions  of  the  draught  and  the  stiffness,  and  may  be 
computed  bv  mathematical  processes,  although  the  computations  are  long  and 

*  Since    the    above    report    was    issued    this     ship    lias    been    completed    and    launched. 
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laborious,  \\hen  the  material  is  reinforced  concrete  the  problem  becomes 
much  more  complicated.  Experience  has  shown,  however,  that  numerous 
elements  other  than  draught  affect  the  transverse  strength  of  a  ship,  such  as 
the  eftect  of  rolling-  in  a  sea  way,  impact  with  docks  or  other  ships,  and  stresses 
incident  to  going  into  dry  dock.  The  transverse  members  of  cargo  ships  of 
to-day  are  therefore  not  designed  to  withstand  computed  stresses,  but  are 
designed  in  accordance  with  various  rules  which  embody  the  result  of  long 
experience  in  the  construction  and  use  of  ships.  It  should  be  noted  in  this 
connection  that  granting  of  insurance  depends  on  compliance  with  these  rules. 

Steel  ships  are  of  two  different  types  :  (o)  framed  ships  in  which  transverse 
ribs  or  frames  are  spaced  from  i8  to  24  in.  on  centres,  the  plating  being 
riveted  to  these  ribs  without  intermediate  longitudinal  members  excepting  in 
the  bottom;  and  [b]  longitudinally  framed  ships  (Isherwood)  in  which  heavy 
frames  a>re  spaced  from  10  to  15  ft.  on  centres,  with  intermediate  longitudinals 
to  which  the  plating  is  riveted. 

From  a  comparison  with  the  ordinary  steel  ship  design  it  woulc  appear  to 
be  not  difficult  to  design  transverse  members  of  reinforced  concrete  of  equi- 
valent strength  to  steel  members,  the  question  of  strength  only  being 
considered. 

(3)  Longitudinal  Strength. — A  ship  must  be  able  to  meet  conditions  which 
are  unlike  any  to  which  land  structures  are  subject. 

In  determining  the  longitudinal  strength  of  a  ship  it  is  customary  to 
assume  two  conditions.  Under  the  first  condition  the  ship  is  assumed  to  be 
suspended  between  two  wave  crests,  the  length  between  crests  beir.g  equal  to 
the  length  of  the  ship  between  perpendiculars,  the  height  of  the  wave  being 
equal  to  one-twentieth  of  that  length.  In  this  case  the  ship  as  a  whole  is 
acting  as  a  simple  beam  supported  at  the  ends.  This  condition  is  termed 
"  sagging."  Under  the  second  condition  the  ship  is  assumed  to  be  supported 
amidships  on  one  crest  of  the  same  wave.  Under  this  condition  the  ship  as 
a  whole  acts  as  a  cantilever.  This  condition  is  termed  "hogging."  It  is 
apparent,  therefore,  that  when  a  ship  is  riding  the  waves  both  the  deck  and 
the  bottom  of  the  ship  will  be  required  to  withstand  tensile  and  compressive 
stresses  alternately,  the  maximum  tensile  stress  following  the  maximum  com- 
pressive stress  at  very  short  interv'als.  In  a  steel  ship  the  entire  cross  sectional 
area  of  the  midship  section  acts  to  resist  these  stresses,  taking  into  account, 
in  determining  the  moment  of  inertia,  all  of  the  continuous  members  such  as 
continuous  scantlings  and  deck,  side  and  bottom  plates.  In  the  concrete  ship, 
equivalent  strength  must  be  provided.  In  the  case  of  the  concrete  ship,  how- 
ever, only  the  steel  reinforcement  can  be  relied  upon  to  take  tensile  stresses. 
The  concrete,  assisted  by  the  steel,  will  take  the  compressive  stresses. 

The  effect  of  the  rapid  change  of  the  character  of  the  stress  in  either  the 
deck  or  the  bottom  is  much  more  serious  in  the  case  of  concrete  ship  than  in 
the  steel  ship  for  the  reason  that  owing  to  the  low  tensile  stress  of  concrete 
cracks  will  occur  at  the  extreme  fibre  under  relatively  low  tensile  stresses  in 
the  steel.  These  cracks,  if  any,  alternately  opening  and  closing,  may  tend  to 
cause  disintegration,  with  resulting  leaks  or  impairment  of  the  reinforcement. 

At  the  present  time  little  information   is  available  as  to  the  ei^ect  of  such 
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reversal  of  stress,  and  but  little  can  be  hoped  far  until  an  actual  trial  has  been 
made  of  a  concrete  ship  in  a  sea. 

(/])  Elasticity.- — There  is  an  almost  unanimous  opinion  among-  naval  archi- 
tects and  seafarings  men  g^enerally  that  a  concrete  ship  will  be  so  inelastic  that 
she  will  tear  herself  to  pieces  in  a  sea.  While  it  is  doubtless  true  that  in  a 
concrete  ship  there  will  not  be  the  same  readjustment  of  stresses  as  in  a  steel 
ship  when  subject  to  the  action  of  a  heavy  sea,  experience  with  reinforced 
concrete  structures  generally  has  shown  that  such  structures  have  considerable 
elasticity,  and  there  is  ample  reason  for  the  hope  that  reinforced  concrete  will 
prove  a  suitable  material  for  shipbuilding-  purposes. 

(5)  Effects  of  Sea  Water  on  Concrete  and  Reinforcing  Steel. — Until 
very  recently  little  information  has  been  available  as  to  the  effect  of  sea  water 
on  concrete.  The  recent  work  of  the  Bureau  of  Standards,  acting  in  co- 
operation with  the  Portland  Cement  Association,  has  thrown  considerable  light 
on  what  may  be  expected  from  the  action  of  sea  water.  The  resuh  of  their 
investigation  tends  to  sho\\'  that  inferior  concrete  or  concrete  of  which  the 
surface  skin  has  been  impaired  suffers  serious  disintegration  when  in  contact 
with  sea  water.  Inasmuch  as  in  most  instances  the  structures  examined,  whicn 
form  the  basis  of  the  report  of  the  Bureau  of  Standards,  were  built  without 
thought  as  to  the  action  of  sea  water  (it  being  assumed  that  there  would  be  no 
deleterious  action),  there  is  every  reasin  to  hope  that  where  the  effect  of  sea 
water  is  appreciated;  and  where  steps  are  taken  in  the  way  of  selected 
materials  and  adequate  workmanship,  assuring  a  good  mix  and  a  satisfactory 
surface  skin,  the  concrete  will  not  so  deteriorate. 

With  regard  to  ihe  effect  of  sea  w^ater  on  the  leinforcing  steel,  there  is 
some  question  as  to  whether  a  thin  layer  of  concrete  can  be  relied  upon  to 
protect  the  steel  from  corrosion.  To  provide  a  thick  protective  layer  of 
concrete  outside  of  the  reinforcing  steel  is  practically  out  of  the  question  owing 
to  the  large  increase  in  weight.  If  the  reinforcement,  therefore,  is  to  be  main- 
tained in  perfect  condition,  the  steel  must  be  protected  by  galvanisation  and  by 
increasing  the  efficiency  of  the  protective  concrete  by  means  of  additional  care 
in  materials  and  workmanship  and  by  a  surface  coating  of  a  waterproofing 
character. 

(6;  Relative  Cost. — Just  at  the  present  time  the  demand  for  tonnage  is  so 
great  that  any  ship  of  reasonable  capacity  that  can  be  used  for  carrying  cargo 
W'ill  prove  financially  successful.  The  relative  costs  of  ships  of  concrete  and 
steel  or  concrete  and  wood  is  not  therefore  as  important  a  consideration  as  it 
will  be  after  the  w-ar,  when  conditions  again  approach  the  normal.  However, 
it  is  necessary  to  have  an  adequate  idea  of  the  probable  cost  of  a  concrete  ship 
as  well  as  a  comparison  w'ith  the  cost  of  steel  and  wooden  ships. 

(7)  Speed  of  Construction. — Speed  of  construction  is  of  vital  importance 
m  the  shipbuilding  programme  to-day  owing  to  the  immediate  requirements  for 
tonnage.  If  it  shall  be  found  that  the  concrete  ship  can  be  constructed  in  much 
less  time  than  a  steel  or  wood  ship,  this  fact  will  contribute  largely  to  the 
success  of  the  concrete  ship. 

(To   be   concluded.) 
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REINFORCED  CONCRETE 
ROOFS  AND  VENTILA- 
TORS AT  A  PAPER  MILL. 


The  folloiving  is  an  interesting  example  of  the  use  of  concrete  for  roofs  and  ■ventilators. — ED, 


We  publish    herewith  an    illustration    of  an    interesting"   example    of    reinforced 
concrete  work  which  has  just  been  completed  at  a  vScottish  paper  mill. 

The  roof  beams  are  rolled  steel  girders  and  joists  spaced  at  8-ft.  centres. 
The  roof  consists  of  concrete  4  in.  thick  composed  of  four  parts  whinstone 
chips,  one  part  sand,  and  one  part  London  Portland  cement  reinforced  with 
No.  8,  3-in  diamond  mesh  expanded  steel,  a  layer  throughout  near  the  under- 


Reinforced  Concrete  Roofs  and  Ventilators  at  a  Paper   Mill. 

side,  and  tension  strips  near  the  topside  over  the  intermediate  bearings.  The 
concrete  is  finished  on  the  surface  and  breasts  with  mineral  rock  asphalt. 
The  area  of  the  roofing  is  about  600  vards. 

The  most  interesting  features  of  the  reinforced  concrete  work  are  the  venti- 
lators and  rooflights,  which  are  composed  entirely  of  reinforced  concrete,  it 
being  necessary  to  eliminate  all  woodwork  and  prevent  the  entry  of  dust. 

The  rooflights  are  glazed  with  cast  plate  glass  in  ferro-stone  sash  bars, 
embedded  in  the  concrete  frames  of  the  rooflights. 
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The  large  ventilator  over  the  grass  boiling  house  is  designed  to  allow  for 
the  escape  of  steam,  arising  from  six  grass  boilers  situated  immediately  below 
the  ventilator.  The  posts,  kerbs,  and  roofing  of  the  ventilator  were  filled  into 
the  forms  at  one  operation,  the  6-in.  by  4-in.  and  6-in.  by  6-in.  posts  being 
reinforced  with  steel  rods  which  are  linked  to  the  breast  rods  and  turned  along 
the  longitudinal  beams;  the  roof  is  graded  to  the  centre  and  ends  and  is 
supported  on  concrete  ribs,  the  reinforcement  being  Xo.  8,  3-in.  diamond  mesh 
expanded  steel.  The  louvres,  which  measure  15  in.  wide  by  f  in.  thick,  are 
reinforced  throughout  with  expanded  steel  and  have  a  back  throating  and  side 
shoulders  to  prevent  dust  and  water  from,  blowing  back ;  each  louvre  was  cast 
separately  in  a  mould,  seasoned,  and  afterwards  slipped  into  the  grooved  posts> 
the  position  and  correct  alignment  being  assured  by  the  side  shoulder  pieces 
which  rest  against  the  back  of  each  post ;  the  haffits  were  filled  in  afterwards,, 
being  executed  in  five-coat  cement  and  sand  plaster  li  in.  thick  on  i-|-in. 
diamond  mesh  expanded  steel. 

All  the  concrete  work  in  the  ventilators  and  roofiights  is  treated  with 
Lillington's  Metallic  Liquid  for  its  weather-resisting  qualities,  thus  making 
unnecessary  the  use  of  asphalt.  The  large  ventilator  measures  about  60  ft.  by 
9  ft.  by  6  ft.  high.  There  are  also  two  similar  ventilators,  each  about  9  ft. 
square  by  6  ft.  high. 

Mr.  J.  A.  Mc\\'illiam,  Lic.R. I.B.A.,  115,  Hanover  Street,  Edinburgh,  was 
the  architect  for  the  work,  and  the  contractor  for  the  reinforced  concrete, 
work  Mr.  William  Robertson,   131,  Momingside  Drive,  Edinburgh. 

The  expanded  steel  was  supplied  by  the  Expanded  Metal  Co.,  Ltd.,  of 
London  and  West  Hartlepool. 

A  20^TON   REINFORCED    CONCRETE  CARGO   BOAT. 

In  the  accompanying  illustration  we  show  a  twenty-ton  concrete  cargo  l»at 
launched  on  the  Thames  in  the  course  of  last  month.  Although  we  have  been 
able  to  illustrate  concrete  barges  built  and  used  in  this  countrv,  the  boat  here 
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shown  is  of  special  interest  .as  being-  the  first  motor  cargo  boat  to  be  launched 
in  England.  Apart  from  this,  the  method  of  construction  adopted  is  note- 
worthy on  account  of  its  simplicity  and  the  speed  at  which  the  ships  can  be 
turned  out.  By  this  patent  system  the  usual  timber  shuttering;  or  moulds  is 
dispensed  with ;  the  building",  in  fact,  is  practically  orthodox.  The  reinforce- 
ment consists  of  steel  rods  and  expanded  metal.  Including  engines  and  iron 
keel,  the  boat  weighs  about  eight  and  a  half  tons.  The  length  is  40  ft.,  with 
8^  ft.  beam  and  4  ft.  f  in.  load  draught.  The  boat  is  fitted  with  a  25  h.p. 
motor  designed  for  a  speed  of  about  eight  miles  per  hour. 

This  ship  was  built  by  Messrs.  Holland  and  Hannen  and  Cubitts,  Ltd.,  at 
Ghiswick. 

A  number  of  other  vessels  of  various  types  are  now  in  course  of  construc- 
tion and  will  be  ready  for  use  shortly. 

MEMORANDUM. 

Ministry  of  Munitions  of  War.— Order  re  Building  Bricks — The  Minister 
of  Munitions,  in  exercise  of  the  powers  conferred  upon  him  by  the  Defence  of  the 
Realm  Regulations  and  all  other  powers  thereunto  enabling  him,  hereby  orders  as 
follows  : — 

I.  No  person  shall,  as  from  the  date  iiereof  until  further  notice,  sell  or,  except  for 
the  purpose  of  carrying  out  a  contract  in  writing  existing  prior  to  such  date  for  the 
sale  of  building  bricks,  deliver  any  building  bricks  of  any  description,  except  under 
and  in  accordance  with  the  terms  of  a  permit  issued  under  the  authority  of  the 
Minister  of  Munitions,  or  purchase  or,  exc-ept  for  the  purpose  of  carrying  out  such 
a  contract  as  aforesaid,  take  deliven-  of  any  such  building  bricks  from  any  person 
other  than  the  holder  of  such  a  permit  and  in  accordance  with  the  terms  thereof. 

2.  Notwithstanding  Clause  i  hereof,  no  such  permit  shall  be  required  for  the 
sale,  purchase,  or  deliverjf  of  any  building  bricks  to  be  used  exclusively  by  the  pur- 
chaser in  the  erection  or  carrying  out  of  any  separate  and  independent  building  or 
work  not  involving  in  such  erection  or  carrying  out  the  i:&e  of  more  than  20,000  bricks, 
or  in  the  completion  of  any  building  or  work  lawfully  commenced  prior  to  the  date 
hereof  where  such  completion  does  not  inv'olve  the  use  of  more  than  20,000  bricks, 
as  aforesaid,  provided  always  that  in  each  of  such  cases  the  purchaser  shall  have 
given  to  the  seller  at  or  belore  the  time  of  purchase  and  delivery  a  declaration  in 
writing  signed  by  the  purchaser  sj>ecifying  the  precise  nature  of  the  work  for  which 
such  bricks  are  required  and  the  place  where  the  same  are  to  be  used,  and  that  the 
bricks  to  be  purchased  are  for  the  ]>urposes  mentioned  in  this  clause  and  for  no  other 
purpose. 

Every  declaration  made  for  the  above  purpose  shall  be  true  and  accurate  in  all 
respects. 

3.  Every  manufacturer  of  building  bricks  shall  comply  with  all  such  directions 
regarding  the  transfer  or  deliveiy  of  the  bricks  from  rime  to  time  manufactured  by 
him  as  shall  from  time  to  time  be  given  to  him  on  behalf  of  the  Minister  of  Munitions 
l)y  the  Controller  of  Building  Biicks,   Ministr)'  of  Mun'tions. 

4.  Ever}-  person  manufacturing  or  having  in  his  possession  any  stock  of  building 
bricks  shall  furnish  to  the  said  Controller  such  returns  as  the  said  Controller  may 
from,  time  to  time  direct  concerning  output,  stocks,  oeliveries,  cost  of  production, 
prices,  or   any  other  information   relating   to  such   building  bricks. 

5.  All  applications  for  [x^rmits  under  this  Order  shall  be  made  to  the  Controller 
of  Building  Bricks,  Ministry  of  Munitions,  Whitehall  Place,  London,  S.W. i,  arid 
marked  "  Building  Bricks  Permit,"  and  every  j)erson  selling,  purchasing,  delivering, 
or  taking  delivery  under  any  such  [jermit  shall  observe  and  |>t^rform  all  the  conditions 
subject  to  which  such  permit  shall  be  granted. 

6.  This  Order  may  be  cited  as  the  "  Building  Bricks  Control  Order,  19 18." 
(April  5th,    1918.) 
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By  THOMAS  POTTER. 
A  Practical  Guide  to  the  General  Use  of  Concrete. 

{Colli  iiued) 
The  first  itvo  articles  of  this  series  appeared  in  our  February  and  March  issues. — ED. 


Yl. — (Concluded.) 

MONOLITHIC     CONCRETE. 

Monolithic  concrete,  as  its  name  implies,  is  of  the  nature  of  a  sing-le  stone, 
and  is  the  strongest  and  simplest  method  of  constructing-  walls.  Its  drawback 
is  that  wood  forms  or  shuttering-  are  necessary  to  form  a  troug-h  in  which  to 
dep)osit   the  concrete,    and  this   involves  considerable   expense. 

In  its  early  days  patented  forms  were  adopted,  but  as  they  were  only 
applicable  to  the  one  building-  for  which  they  were  designed,  without  a  good 
deal  of  trouble  and  expense  for  alteration,  they  did  not  obtain  very  general  use. 
I  designed  one  for  mv  cwn  use,  in  which  the  forms  were  raised  as  the  walls 
progressed.  The  illustration,  from  a  photograph  taken  of  a  reinforced  concrete 
building,  is  interesting  only  as  showing  this  in  use  (Fi^.  4)  forty-five  years 
since. 

The  general  method  at  the  present  time  is  to  attach  boards  to  wood  posts 
at  certain  distances  apart  on  both  sides  of  the  intended  wall  in  any  way  that 
lends  itself  as  the  best,  usually  by  fixing  the  boards  flush  with  the  inner  side  of 
the  posts,  and  this  work  is  of  a  character  that  any  intelligent  carpenter  should 
be  able  to  execute.  Fig.  5  shows  one  of  the  simplest  arrangements,  and  presents 
no  difficulties.  The  posts  should  be  not  more  than  g  ft.  apart,  and  if  i-in. 
boards  are  used  the  latter  should  be  connected  together  at  intervals  not  more 
than  4  ft.  apart.  The  boards  should  be  of  uniform  thickness,  or  the  concrete 
svill  show  ridges  where  they  join  each  other,  and  need  not  be  planed,  as  cement 
adheres  equally  as  much  or  more  to  planed  surfaces  as  to  sawn  ones.  Nor 
need  they  be  dry — better  otherwise — and  home-grown  timber,  if  sound,  is  as 
good  for  the  purpose  as  foreign.  They  should  be  washed  over  each  time  of  use 
with  Leeds  grease  or  soft  soap  applied  with  a  brush.  When  removed  they 
should  be  at  once  cleaned  by  scraping  them  with  a  garden  hoe  or  a  similar 
tool,  and  thg  loose  cement  brushed  off  with  a  broom  before  it  has  time  to 
harden.     The  boards  do  not  require  to  be  ledged  together. 

Monolithic  walls  are  subject  to  the  effects  of  expansion  anfl  contraction — 
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a  misfortune  of  all  building  materials  owing-  to  temperature  chang^es — the 
result  of  which  is  a  possibility  of  vertical  cracks  at  intervals.  These  may  be 
almost  entirely  avoided  if  reinforced  by  embedding"  therein  ^-in.  or  larger  iron 
rods  about  an  inch  from  each  face — i.e.,  two  to  a  course — and  the  courses  i8  in. 
apart  in  height.  Over  e^ch  window  and  door  opening  two  extra,  and  larger 
ones  should  be  used,  a  foot  longer  than  the  openings  and  an  inch  or  two  above 
the  soffit  of  the  lintels,  as  cracks  are  more  likely  to  develop  at  these  points  than 


Fig.  4.     Photograph  of  a  Reinforced  Concrete  Building  in  colrse  of  Construction. 


Fig.  5.     Shuttering  ior  Walls. 


elsewhere.  These  cracks  do  not  go  through  the  thickness  of  walls  as  a  rule, 
and  do  not  affect  the  strength,  but  are  unsightly.  INLany  walls  over  lOO  ft.  in 
length  reinforced  in  this  way  have  developed  no  cracks.  Cast  lintels  are 
unnecessary  ;  the  concrete  as  deposited  serves  the  purpose. 

Hair  cracks  are    of   a    different   nature.     They    sometimes  appear    on    the 
surface  of  the  concrete  or  on  the  cement   finish  coat — if  any — in  patches,   and 
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are  scarcely  visible  at  times.  They  are  usually  the  result  of  the  cement  drvin^^ 
too  rapidly  from  exposure  to  the  sun's  rays  or  strong-  winds,  or  possiblv 
inferior  cement.  To  avoid  these  it  is  as  well  to  throw  water  on  the  walls 
frequently  after  set  has  taken  place.  All  concrete  is  the  better  for  being-  done 
in  cold  weather.  The  nearer  the  temperature  to  freezing--point  the  better ;  but  if 
a  severe  frost  is  anticipated  walls  should  be  sheltered  as  far  as  practicable,  or  the 
form  boards  allowed  to  remain  in  position  for  a  couple  of  davs.  After  fortv- 
eig^ht  hours  frost  seldom  affects  concrete.  If,  however,  the  concrete  does  not  set 
in  due  course,  further  work  should  be  suspended  until  thaw  ensues,  when  it 
will  probably  be  found  that  it  commences  to  harden,  the  frost  having-  onlv 
delayed  the  set.  Where  otherwise,  it  usuially  results  from  alternate  frost  and 
drivings  rain.  The  lesson  of  this  is  that  when  concrete  has  apparentlv  been 
injured  from  frost  it  is  advisable  to  wait  a  few  days  after  .a  thaw,  to  be  sure. 

The  bciards  should  be  chang-ed  at  each  lift  from  the  trough  side  to  the 
outside,  that  they  may  not  warp  or  twist  throug^h  the  ccintinuoa.is  effects  of  w-ater 
on  the  one  side  and  the  sun's  rays  and  drying-  winds  on  the  other  side. 

It  is  important  that  all  window  and  door  frames  be  built  in  as  the  work 
proceeds.  The  cost  is  less,  and  they  are  more  rigid  than  if  fixed  after,  as  is 
usually  the  case  with  brick  or  stone  walls.  The  reveals  are  readilv  formed  bv 
fixing-  rough  boards  to  stop  the  concrete  on  each  side  of  the  frames,  with  light 
stretchers  betw-een  to  keep  them  in  place.  For  lintels  over  the  frames 
temporary  wood  supports  are  employed,  upheld  by  light  uprights.  Wall 
plates  for  fixing  the  ends  of  wood  joists  or  similar  members  thereto  are  not 
required  if  the  concrete  vvhich  is  to  form  the  bearing  surface  is  levelled  straight 
and  true. 

The  concrete  should  be  deposited  in  place  with  as  little  delay  as  possible 
after  mixing,  sufficient  time  being  allowed  for  the  foreman  to  spread  it  evenly, 
and  gently  tamp  it  with  a  wooden  stick,  especial  attention  being  given  to  where 
it  abuts  against  the  form  boards,  ^\'hen  rain  is  anticipated  it  is  desirable, 
when  work  is  suspended,  to  cover  the  top  of  the  w-alls  with  boards  or  roofing 
felt.  Where  walls  are  not  less  than  9  in.  in  thickness,  fragments  of  stone, 
slag,  or  other  hard  material  can  be  embedded  therein  to  economise  the  concrete. 
The  conditions  should  be  that  they  are  at  least  4  in.  apart  lengthwise  of  the  wall, 
2  in.  from  either  face,  and  6  in.  apart  in  height.  Necessarily  they  should  be 
washed,  sh.apable,  the  largest  side  forming  the  bed,  and  rubbed  w-ell  in  the  soft 
concrete.  In  America,  where  this  system  is  extensively  practised^  the  frag- 
ments are  called  "  plums,"  and  are  considered  to  strengthen  the  walls  rather 
than  otherwise,  being  of  the  nature  of  bond  stones.  I  have  never  found  any 
bad  results  from  their  use  in  the  way  indicated.  If  the  work  is  being  performed 
by  contract  it  is  not  a  desirable  practice  ;  but  if  otherwise  it  affords  a  con- 
siderable saving  in  materials,  and  is  often  the  means  of  making  use  of  a  waste 
material.  It  is  not  always  an  advantage  to  build  chimneys  of  cottages  or  other 
buildings  with  concrete;  the  cost  of  the  forms  and  fixing  and  the  openings 
for  fireplaces  and  the  flue  cores  is  often  more  than  if  built  with  brick ;  but  brick 
encasements  built  with  alternate  headers  and  stretchers,  if  the  chimneys  are  of 
considerable  size,  can  be  used  and  a  core  of  concrete  filled  in  as  the  work 
progresses  course  by  course. 
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The  flues  can  be  9-in.  unsocketed  clay  pipes,  which  are  ample  in  size  for 
two-storey  buildings.  The  usual  proportion  of  aggregate  and  matrice  is  i — 8 
for  walls.  The  wall  forms  should  not  be  released  under  twenty-four  hours.  If 
less,  there  may  be  no  apparent  damage,  but  experience  has  proved  that  the  wall 
may  part  in  the  centre,  and  so  become  two  independent  portions,  and  as  a 
result  its  strength  will  be  diminished. 

\TI. 
FINISHING  WALL  SURFACES. 

Monolithic  concrete  and  unfaced  block  and  slab  walls  do  not  possess  an 
attrq^tive  appearance,  .and  usually  receive  seme  kind  of  treatment  as  a  finish, 
depending  upon  the  class  of  building.  The  simplest  and  most  economical 
finish,  where  appearance  is  no  great  object  externally,  is  to  stop  with  cement 
any  defects  that  may  be  apparent  on  the  surface,  saturate  the  latter  with  water, 
and  before  it  is  quite  absorbed  wash  it  with  cement  and  sand  grout  i — 3  of 
the  consistency  of  cre^m.  The  application  of  water  is  important,  oiherwiise 
the  grout  will  dry  to  an  impalpable  powder,  have  no  adhesive  properties,  and 
wash  off  with  the  rain. 

Another  process  is  to  saturate  the  concrete  with  water  and  apply  cement 
and  sand  mortar  i — 3  as  thin  as  possible  with  a  plasterer's  trowel.  After  this 
application  the  workman  should  take  a  wooden  float  in  the  right  hand  and  a 
distemper  brush  in  the  left,  and,  having  some  water  in  a  bucket  in  a  convenient 
position,  he  should  traverse  the  cement  mortar  with  the  float  until  it  reaches 
the  concrete,  following  up  with  the  brush  and  water,  to  give  a  passable  appear- 
ance. The  result  is  that  an  appeariance  is  obtained  which  expresses  the 
material  used  in  the  construction — viz.,  monolithic  concrete.  This  is  a  suitable 
and  inexpensive  method  of  treating  the  external  and  internal  surfaces  of  walls 
of  farm  buildings  and  others  of  a  similar  character.  It  may  be  also  adopted 
for  cottage  walls  internally,  as  it  renders  them  less  liable  to  damage  than  if 
ordinary  plaster  were  employed,  and  no  skirtings  are  necessar\-.  Many 
cottages  have  their  walls  treated  externally  in  this  way  and  are  quite  weather- 
proof 

Cement  stucco,  rough  cast,  and  pebble  dash  are  common  methods  of 
finishing  walls  externally,  and  well  known  to  most  country  bricklayers  and 
plasterers.  Cement  stucco  was  at  one  time  so  much  in  con^mon  use  for  hiding 
shoddy  brick  walls  that  it  still  retains  with  many  a  feeling  of  a  doubtful 
character.  It  has,  however,  a  considerable  influence  in  protecting  walls  in 
exposed  situations  if  well  performed. 

vni. 

PARTITIONS. 

Internal  walls  and  partitions  of  concrete,  even  when  thinner  than  the  external 
walls,  cost  nearly  as  much  if  forms  are  used,  as  the  same  amount  of  labour 
and  form  w'ood  work  is  necessaiy.  For  ordinary  partitions  cast  slabs  are 
preferable.  If  required  to  support  the  timbers  of  a  wood  floor  over  they 
should  be  2i  in.  in  thickness,  and  if  a  concrete  floor,  3^  in.  Wood  moulds 
answer  the  purpose,  but  these  are  better  if  lined  with  sheet  iron  or  zinc,  and 
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If  cast-iron  moulds  are  adopted  they  last  very  much  longer,  as  described  in 
Chapter  Vl.  The  same  description  of  moulds  for  wall  slabs  can  be  used  for 
partition  slabs.  For  bedrooms  2-in.  partitions  are  sufficient,  but  where  they 
do  not  come  directly  over  a  wall  or  partition  beneath  a  light  steel  joist  may  be 
necessary  to  support  them. 

Lig-ht  2-in.  partitions  of  considerable  strength,  known  as  gnanite  silicon, 
composed  of  a  material  having  plaster  of  Paris  as  a  base,  can  be  carried  on 
any  ordinary  wood  floor  and  are  fire-resisting,  but  cost  somewhat  more  than 
cement  slabs.  The  advantages  of  partitions  of  this  description  are  that  they 
take  up  less  than  half  the  space  of  wood  and  lath  and  plaster  partitions,  are  less 
liable  to  damage,  fire-resisting,  and  vermin  proof. 

IX. 

OVERHEAD   FLOORS  AND   ROOFS. 

FLOORS. 

Overhead  floors  are  somewhat  an  advanced  stage  of  concrete  construction  and 
require  considerable  care.  The  thickness  of  the  concrete  should  be  determined 
by  the  distance  between  walls,  partitions,  and  other  supports.  For  an 
unsupp>orted  area  not  exceeding  150  superficial  feet  4^  in.  or  5  in.  in  thickness 
is  sufficient,  and  for  100  superficial  feet  4  in.  This  is  for  cottage  or  similar 
floors  where  the  live  load  is  a  small  one  ;  if  otherwise,  the  thickness  should  be 
increased  pro  rata.  The  proportion  of  cement  to  aggregate  should  be  i — 5  or 
I- — 6,  and  the  latter  should  be  graded  to  pass  a.  i-in.  mesh  down  to  coarse  s.and 
size.  The  reinforcement  should  consist  of  J-in.  rods  spaced  6  in.  apart  over 
the  entire  area  of  the  floor  and  extending  over  half  the  thickness  of  all  external 
walls  on  which  the  floor  is  supported,  these  rods  being  placed  i  in.  from  the 
underside  of  the  concrete.  Upon  this  reinforcement  a  similar  layer  of  rods 
should  be  placed  to  cross  at  right  angles,  and  the  ends  of  all  rods  should  be 
slightly  bent  upward,  as  this  will  assist  in  the  prevention  of  slipping  under 
tensile  stress. 

For  floors  to  carry  a  heavier  load  f-in.  or  larger  rods  should  be  used.  The 
concrete  should  bear  on  the  external  w-alls  half  their  thickness,  or  moie  if  practic- 
able. The  aggregate  should  be  by  preference  boiler  ashes,  and  when  the  concrete 
has  attained  some  hardness  it  should  be  grouted  with  equ.il  parts  of  cement 
and  coarse  ashes  sand  ol  a  less  consistency  than  cream,  well  worked  in  with  a 
bass  broom.  This  prevents  dirt  and  foreign  matter  finding  their  v>ay  between 
cavities  in  the  concrete  and  prevents  any  damage  that  might  otherwise  arise 
from  workmen's  boots  Each  floor  should  be  commenced  and  finished  the 
same  day  if  practicable. 

Floor  boards  can  be  nailed  direct  to  the  concrete  with  ordinary  floor  brads 
or  French  wire  nails,  but  previous  thereto  the  concrete  should  be  straightened 
with  cement  and  .^and  mortar  1 — 5,  using  a  long  straight  edge  or  traversing 
rule.  This  and  the  concrete  must  be  thoroughly  dry  before  nailing  the  boards 
thereto.  The  latter  should  last  treble  the  time  of  boards  nailed  to  wood  joists 
in  the  ordinan-  wav.  Creosoting  or  tarring  the  underside  of  the  boards  to 
prevent   drv   rot   has   been  found   quite  unnecessary  ;    some  have  been    removed 

after  having  been  fixed  over  thirty  years  quite  sound. 
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The  platform  or  centerings  on  which  the  concrete  is  deposited  should  be 
rig-idly  supported  by  upright  posts  and  cross  bearers  for  the  boards  to  bear  on, 
the  former  having-  folding  wedges  at  bottom.  If  the  w.a]ls  are  concrete  the 
floors  should  finish  to  the  outside  of  same,  as  the  weight  of  the  walls  built 
thereon  increases  their  strength. 

The  concrete  should  be  well  tamped  or  gently  beaten  with  a  grass  beater 
having  a  piece  of  sheet  iron  screwed  to  the  face,  continuously  as  the  concrete  is 
being  deposited  in  place. 

ROOFS. 

The  construction  of  flat  roofs  is  simiilar  to  that  of  floors,  with  the  exception 
that  sufficient  fall  must  be  allowed  for  rain  to  run  off.  The  surface  should  be 
screened  straight  and  true  w^ith  cement  mortar. 

As  roofs  are  more  exposed  to  climatic  changes  than  any  other  part  of  the 
building,  temperature  cracks  are  liable  to  occur,  and  for  these  there  is  no 
absolute  remedy  except  by  covering  them  with  asphalt.  Cement  finished 
surfaces  may  not  leak,  but  they  are  the  exception,  and  cracks  do  not  develop 
at  times  until  two  years  or  longer  after  they  have  been  executed. 

Cracks  are  difficult  to  deal  with,  as  if  stopped  with  cement  or  bitumen  or 
any  other  material  severe  frosts  will  cause  them  to  open  again  and  again,  and 
asphalting  the  entire  area  is  then  the  only  remedy. 

Quarter-inch  or  larger  rods  as  for  floors  should  be  embedded  in  the 
concrete,  and  in  addition  similar  rods  or  strong  wire  netting,  l-'m.  mesh, 
embedded  near  the  top  to  prevent  contraction  or  assist  in  doing  so,  and  if  a 
waterproofing  material  is  added  to  the  cement  it  may  afford  additional  help. 
This  is  assuming  the  roof  is  to  have  a  cement  finish,  and  not  asphalted. 

Concrete  floors  and  roofs  for  cottages  and  unpretentious  buildings  where 
economy  is  necessary  have  not  as  yet  come  into  general  use,  and  they  require 
experienced  supervision,  but  this  is  not  always  available.  The  scarcity  and 
cost  of  timber  and  other  building  materials  for  vears  to  come  mav,  however, 
load  to  their  more  general  adoption. 

The  forms  or  platform  should  not  be  struck  under  a  week  in  any  case,  and 
longer  is  desirable.  The  form  boards  should  be  scraped,  broomed,  and  cleaned 
without  delay  when  struck. 

The  cost  of  flat  concrete  roofs  if  asphalted  is  considerablv  more  than  woo»i 
and  slates  or  tiles,  even  at  present  prices ;  but  if  the  asphalt  can  be  dispensed 
with  with  safety,  and  a  cement  surface  substituted,  they  would  then  cost  less. 
The  unfortunate  feature  of  concrete  is  that  its  compressive  resistance  is  so  little 
compared  with  its  tensile  stress  resistance  when  reinforced.  The  evidence 
generally  of  watertight  cement  roofs  of  a  tx>nsiderable  size  is.  as  a  rule,  based 
on  those  with  an  insufficient  life  to  b€  accepted  as  safe  guides,  a  life  of  two 
>'bars  at  least  being  necessary  before  judgment  can  safely  be  passed,  and  even 
this  period  is  not  always  sufficient  owing  to  the  constantly  recurring  stress 
which  results  in  flat  roofs  being  subject  to  weakening  eft'ects. 

(To  be  coniinucd.) 
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From  time  to  time  ive  have  published  articles  in  our  cages  dealing  tviih  the  many  uses 
to  -which  concrete  can  be  put  in  connection  luith  railivay  -work.  In  the  follovying  article  tve 
publish  some  particulars  of  a  some-what  novel  use  of  concrete  in  this  direction  on  the 
American  railroads.  These  particulars  have  a  special  interest  at  the  moment  -when  the 
question  of  economy  in  timber  is  of  the  greatest  importance.  For  our  particulars  and 
illustrations  ive  are  indebted  to  the  "Railway  Gazette." — ED. 


'The  tnerits  of  concrete  as  a  material  for  level  crossings,  instead  of  timber  cross-ing- 
planks,  have  now  been  tested  on  various  American  railroads  in  the  Middle  West  for 
.periods  of  up  to  two  years,  with  satisfactory  results.  Two  somewhat  different  forms 
of  construction  have  been  used.  On  the  Chicago,  Burlington  and  Ouincv  Railroad 
the  design  is  an  almost  exact  equivalent  in  concrete  of  the  usual  wooden  planking. 
Each  concrete  plank  is  4^  in.  thick,  8  in.  wide  and  8  ft.  long,  save  that  every  alternate 
•end  plank  is  4  ft.  long  to  permit  breaking  the  joints.  The  reinforcement  consists  of 
American  Steel  and  Wire  Co.  No.  27  triangular  mesh  and  four  square  g-in.  bars.  As 
the  planks  are  not  so  deep  as  the  rail,  thev  are  supported  on  wooden  strips,  2  in.  by 
'6  in.,  laid  on  top  of  the  sleepers. 

Another  tyjje  of  construction  is  that  used  on  the  Chicago,  Milwaukee  and  St. 
Paul  Railroad,  on  the  Cedar  Rapids  and  Iowa  City  Railroad  (an  electric  line),  and 
in  the  South  Chicago  yards  of  the  Illinois  Steel  Co.  In  this  form  of  construction 
the  concrete  slabs  are  considerably  larger  than  the  planks.  Those  between  the  rails 
of  the  track  are  of  such  a  width  that  only  two  lines  of  them  are  required.  The  slabs 
on  the  Cedar  Rapids  line  are  only  8  ft.  long,  two  being  thus  required  for  a  i6-ft. 
crossing;  while  at  South  Chicago  they  are  5  ft.  6  in.  in  length,  requiring  three  for 
a  16-ft.  6-in.  crossing.  At  both  places  the  thickness  of  the  slabs  is  equal  to  the 
height  of  the  rail,  so  that  they  rest  directly  on  the  sleepers  without  the  use  of  filler 
blocks  or  strips.  It  has  been  the  idea  in  all  the  concrete  crossings  to  make  the  top 
surface  level  with  the  rail,  except  that  in  the  case  of  the  new  design  for  the  Universal 
Portland  Cement  Co.  the  slabs  are  crowned  i  in.  on  the  centre  line  of  the  track  and 
depressed  h  in.  on  the  centre  line  between  tracks. 

The  formation  of  the  flangeway  on  the  gauge  side  of  the  rails  is  an  important 
■detail,  and  was  provided  for  in  nearly  all  the  cases  mentioned  by  some  form  of  all- 
metal  flangeway,  such  as  that  obtained  by  a  rail  laid  on  its  side  with  the  head  bearing 
against  the  web  of  the  running  rail,  or  with  the  use  of  an  angle  iron,  supported  on  a 
wooden  strip,  to  give  the  desired  elevation.  With  a  flangeway  formed  in  some  such 
manner,  no  special  detailing  of  the  concrete  slabs  is  necessary,  although  it  is  desirable 
to 'protect  the  edge  of  the  slab  adjacent  to  the  flangeway  by  means  of  a  metal  guard. 
In  the  Universal  Portland  Cement  Co.'s  design  a  Kahn  curb  bar  is  used.  .A.  Burling- 
ton design  has  the  slab  notched  out  to  fit  under  the  rail  and  provide  an  adequate 
flangeway,  without  the  use  of  an  extra  rail  or  an  angle  bar. 

Some  question  has  been  raised  as  to  the  need  of  fastening  the  units  of  the  concrete 
crossing  in  place,  and  the  use  of  lag  screws  driven  through  holes  cast  in  the  slgrbs 
has  been  suggested  ;  but  in  none  of  the  installations  recorded  has  it  been  considered 
neoessar}'  to  take  this  precaution.  In  the  concrete  plank  design  used  by  the  Burlington 
Railroad  there  has  been  some  tendency  for  the  row  of  planks  next  to  the  rail  to 
creep,  but  this  has  been  overcome  bv  driving  a  stake  at  one  or  both  ends  of  the  row. 

A  detail  that  is  of  far  greater  importance  is  the  provision  of  a  ramp  at  the  ends 
of  the  crossing  to  insure  that  dragging  brake  beams  or  other  parts  of  cars  will  be 
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carried  safelv  over  the  top  of  the  crossing,  instead  of  catching  in  or  underneath  the 
ends.  At  South  Chicago  a  ramp  of  this  kind  has  been  built  up  of  wooden  planks, 
while  on  the  Burlington  a  steel  plate  is  used  for  this  purpose. 

It  is  generally  found  of  advantage  to  build  units  for  use  in  installations  of  this 
kind  at  concrete  plants  where  other  unit  construction  work  is  carried  on.  The  work 
in  the  field  is  then  restricted  to  the  preparation  of  the  foundation  and  the  lifting  ot 
the  units  into  place.  On  the  Burlington  the  slabs  placed  in  the  space  between 
tracks  were  founded  on  a  sand  cushion  tamped  by  means  of  a  25-lb.  tamper  and  care- 
fully levelled  off.  The  slabs  were  placed  ^  in.  below  the  top  of  the  rail,  but  after 
two  or  three  days'  service  some  of  them  worked  up   flush  with   the  ton.     The  joints 
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between  the  slabs  were  also  filled  with  sand.     At  the  Illinois  Steel  Co.'s  crossing  at 
.South  Chicago  granulated  slag  was  used  for  the  foundation  bed  and  filling  material. 

The  two  crossings  at  Cedar  Rapids  have  been  in  use  for  nearly  two  years,  and  a 
crossing  on  the  Burlington  has  passed  through  one  winter,  while  the  other  two  on 
that  line  have  been  in  service  since  last  spring.  The  conclusions  based  on  an  ex- 
amination of  the  crossings  after  this  service  indicate  that  the  concrete  crossing  plainks 
afford  a  serviceable  permanent  coitistruction.  The  units  are  readily  kept  in  place, 
and  with  material  and  workmanship  suited  to  the  purpose  the  concrete  will  stand 
up  well  under  the  vehicular  traffic.  The  principal  advantage  of  this  form  of  con- 
struction is  that  it  affords  a  roadwav  surface  that  compares  favourably  with  that 
of  any  pavement  that  may  be  in  service  on  either  side  of  the  tracks,  while  retaining' 
the  ready  removal  feature  so  necessan,-  for  the  proper  track  maintenance. 
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RECENT  VIEWS  ON 
CONCRETE  AND  REIN. 
FORCED      CONCRETE. 


THE  CONCRETE  INSTITUTE, 
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It  is  our  intention  to  publish  the  Papers  dnd  Discussions  presented  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
in  such  a  manner  as  to  be  easily  available  for  reference  purposes. — ED. 


THE  CONCRETE  INSTITUTE. 

CRITICISMS    OF   THE    LONDON   COUNTY   COUNCIL 
REGULATIONS   RELATING  TO   REINFORCED 

CONCRETE. 

By  CHARLES  F.  MARSH,  M.Inst.C.E.,  M.C.I. 

The  following  is  an  abstract  from  a  paper  read  before  the  Concrete  Institute  in 
February,  together  with  a  report  of  the  discussion  which  followed. 
The  regulations  relating  to  the  use  of  reinforced  concrete  in  building  construction, 
recently  issued  by  the  London  County  Council,  are  the  first  of  any  importance  in 
this  country,  and  will  doubtless  be  used  as  a  basis  for  similar  regulations  throughout 
the  provinces. 

Regulations  governing  the  use  of  reinforced  concrete  or  any  other  material  should 
be  framed  in  such  a  manner  as  will  give  the  greatest  scope  to  the  development  of 
the  material  with  all  necessary  safeguards,  but  without  placing  undue  restrictions 
upon  its  use,  such  as  must  tend  to  prevent  its  empioymient  in  suitable  cases. 

It  is  recognised  that  the  drafting  of  a  complete  system  of  regulations  is  an 
arduous  and  difficult  matter,  and  that  there  must  be  a  tendency  for  personal  and 
collective  opinions  and  prejudices  (based  on  insufficient  or  unjustifiable  premises) 
becoming  incorporated.  There  must  also  be  a  temptation  to  err  on  the  restrictive 
side   and   to   introduce   arbitrary   and  unwarrantable   clauses. 

Paragraph  2  was,  it  is  believed,  inserted  to  permit  the  construction  of  reinforced 
concrete  floors,  such  as  were  permitted  before  the  passing  of  the  London  County 
Council  (General  Powers)  Act,  1909,  without  being  subject  to  the  special  regulations. 
The  paragraph  as  drafted  does  not,  in  the  author's  opinion,   make  this  clear. 

Paragraph  18  does  not  state  the  plane  to  which  the  angle  of  dispersion  may 
extend.  It  is  believed  that  it  was  the  intention  that  this  plane  should  be  the  axis 
of  the  main  tensile  reinforcing  bars. 

Paragraph  19  does  not,  in  the  author's  opinion,  give  sufficient  relief,  and  it  is 
contendetl  that  the  rate  of  reduction  should  be  10  per  cent.,  not  5  per  cent. 

The  limitation  of  the  reduction  to  50  per  cent,  is  believed  to  be  reasonable. 

Paragraph  28  limits  the  length  of  a  cantilever  to  five  times  the  efTective  depth 
at  the  bearing,  but  it  is  not  clear  why  the  length  should  not  be  allowed  to  vary  with 
the  actual  maximum  tensile  or  compressive  stresses,  as  is  permitted  in  the  case  of 
a  beam,  under  paragraph  27. 

Paragraphs  42  (a)  and  (b),  159  and  162  will  be  considered  together,  as  they  refer 
to  the  strengths  of  the  various  concrete  mixtures. 

The  proportions  of  the  ingredients  of  the  several  mixtures  given  in  the  tables 
to  paragraphs  42  (a)  and  150  are  unusual,  and  there  does  not  appear  to  be  any 
adequate  reason  for  their  use  in  preference  to  the  usual  method  of  descrij)tion. 
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If  there  is  any  u.seful  purix)se  in  the  new  basis  of  proportionment,  it  would  still 
be  desirable  that  the  ordinary  description  for  the  various  mixtures  should  be  also  given, 
i.e.,  in  the  table  to  paragraph  42  (a),  i  :  if  :  3^  in  the  second  column,  i  :  i-J  :  2|  in  the 
third  column,  and  1  :  i  :  2  in  the  last  column. 

There  appears  no  sufficient  justification  for  equations  such  as  those  laid  down 
under  paragraphs  42  (b)  and  162  for  assessing  the  strengths  of  the  various  mixtures 
of  concrete,  and  on  which  the  strengths  of  the  mixtures  specially  referred  to  in  para- 
graphs 42  (a)  and  159  are  based. 

The  author  contends  that  the  use  of  these  equations  does  not  allow  sufficient 
strength  for  mixtures  stronger  than   1:2:4. 

He  also  contends  that  the  strength  of  a  mixture  does  not  vary  directly  with  the 
ratio  of  the  volume  of  sand  4-  the  volume  of  large  aggregate  to  the  volume  of  cement, 
and  that  regulations  such  as  these  should  not  lay  down  such  a  law  without  ample 
and  sufficient  justification. 

Comparative  tests  appear  to  indicate  that,  for  an)-  constant  ratio  of  the  volume  of 
sand  to  the  volume  of  coarse  aggregate,  such  as  i  to  2,  and  with  a  coarse  aggregate 
of  approximately  the  same  grading  of  sizes  and  of  material  of  approximately  the 
same  compressibility,  the  compressive  strength  of  various  mixtures  varies  directly 
with  the  ratio  of  the  volume  of  cement  to  the  volume  of  cement  4-  the  volume  of  sand 
in  the  mixture. 

This  result  would  lead  to  the  conclusion  that  the  compressiv-e  strength  of  such 
a  concrete  depended  on  the  strength  of  the  mixture  of  sand  and  cement,  or,  in  other 
words,  on  the  strength  of  the  mortar  of  which  the  concrete  is  composed. 

It  is  suggested  that  equations  in  the  form  of 

i,8oor^=c  (i) 

should  be  adopted  under  paragraph  42  (b),  and 

5,40or^  =  «j (2) 

7,200/-,  =«,  ......         (3) 

under  paragraph    162. 

re  being  the  ratio  of  the  volume  of  cement  to  the  volume  of  cement  4-  the  volume 
of  sand  in  the  concrete  under  consideration. 

With  respect  to  the  relation  of  u^  to  11^,  or  the  strength  of  concrete  at  i  month 
to  its  strength  at  4  months,  so  far  as  can  be  reasonably  deduced  from  the  study  of 
various  tests,  there  appear  sufficient  grounds  to  conclude  that  ti^  should  be  in  the 
close  neighbourhood  of  f  u^.  There  is  no  constant  relationship  betAveen  the  values  of 
u^  and  u^  under  the  L.C.C.  regulations. 

The  French  Commission  allow  a  working  stress  of  0*28  the  strengths  at  90  days, 
which  are  about  ih  times  those  at  2S  days,  consequently  thev  allow  about  0*42  of  the 
strengths  at  28  days. 

The  L.C.C.  strengths  at  28  days  do  not  bear  a  fixed  relation  to  that  at  4  months, 
but  they  vary  from  f  in  the  case  of  1:2:4  concrete  to  11/ 15  in  the  case  of  1:1:2 
concrete.  The  working  stress  (c)  [paragraph  42  («)]  is  consequently  from  o'375  to 
o'34  of  the  strength  at  28  days. 

According  to  the  author's  formulae  the  working  stress  (c)  [equation  (i)]  is  0-33  of 
the  strength  at  28  days. 

The  American  Committee  allow  for  members  under  flexure  o"325  of  the  strength 
at  28  days. 

There  is,  in  the  author's  opinion,  no  justification  or  necessitv  for  two  values  for 
the  grip  or  adhesion  stresses,  and  he  would  suggest  that  the  value  of  100  lb.  per  sq.  in. 
equally  covers  both  cases. 

The  "  adhesive  "  resistance,  when  there  is  also  an  anchorage,  is  an  indeterminate 
quantity,  and,  with  effective  anchorage  of  any  sort,  it  cannot  be  doubted  that  stresses 
very  much  hig-her  than  100  lb.  per  sq.  in.  would  produce  no  injury. 

Paragraph  43  allows  a  working  tensile  stress  of  16,000  lb.  per  sq.  in.  on  mi!d 
steel,  without  regard  to  its  use  in  direct  or  diagonal  tension. 

The  limit  of  16,000  is,  in  the  author's  opinion,  somewhat  high  for  use  in 
calculations  with  respect  to  diagonal  tension,  as  in  this  case  the  actual  stress  on  the 
reinforcement  cannot  be  accuratelv  determined. 

It  is  suggested   that  for  diagonal   tension   calculations,   f   the   stress   allowed   for 
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direct  tension  is  sufficient,  which  would  reduce  the  working  stress  for  diagonal  tension 
to  12,000  lb.  per  sq.  in.  for  mild  steel. 

For  compressive  reinforcements  in  hooped  columns  the  limit  of  working  stress 
should  be  half  the  stress  at  yield  point,  whi.:h  would  be  about  16,000  lb.  per  sq.  in. 
for  mild  steel. 

It  is  suggested  that  when  high  tensile  steel  is  used  the  allowable  working  stress 
might  be  increased  to  20,000  lb.  per  sq.  in.  either  in  direct  or  diagonal  tension,  and 
that  when  used  as  compressive  reinforcement  in  hooped  columns  the  limit  of  working 
stress  should  be  half  the  stress  at  the  yield  pt-int. 

It  is  also  suggested  that  specification  requirements  for  high  tensile  steels  should 
be  included  in  all  reinforced  concrete  regulations. 

Paragraph  54  imposes  values  for  the  coefficient  "  ni,"  as  shown  in  Table  V., 
based  on  the  working  stresses  given  in  paragraph  42  (a)  and  on  the  stresses  suggested 
by  die  author  as  obtained  from  equation  (i). 

Table  \'. 


Proportions  ot  mixture. 

\'alue  ot 

"  m." 

Based  on 
parag 

stresses  as  given  in 
raph  42  (./). 

Based  on  stresses   as   gi\en 
by  equation  (i). 

1:2:4 
i:i|:3^ 
I  :  1:1  :2f 
1:1:2 

15 
13-846 

i::-857 
12 

15 

13-33 
1 1  (188 
10 

For  hooped  columns  the  value  of  "  in  "  would  vary  with  the  form  and  spacing 
of  the  lateral  bindings  and  with  the  ratio  of  the  volume  of  the  lateral  bindings  to  the 
volume  of  the  hooped  core. 

This  regulation  must  have  the  effect  of  considerablv  adding  to  the  complexity  of 
the  calculations:,  and  in  tRe  case  of  hooped  columns  will  render  the  design  a  most 
tedious  and  troublesome  matter. 

The  modulus  of  elasticit}'  of  concrete,  used  in  ass.essing  the  value  for  "  m," 
should  be  its  instantaneous  value  at  the  working  (or  even  a  somewhat  higher)  stress, 
whereas  most  authorities  give  the  initial  value. 

When  deciding  on  the  value  to  be  assumed  for  the  coefficient  "  m,"  it  must  also 
be  borne  in  mind  that  there  are  other  factors  to  be  considered  as  well  as  the  moduli 
of  elasticit\'  of  the  concrete  and  steel.  The  effect  of  loading  and  unloading  is  one 
such  factor. 

It  is  contended  that  there  is  not  sufficient  justification  for  insisting  on  a  varying 
value  for  the  coefficient  "  m  "  decreasing  with  stronger  mixtures,  and  that  the  value  of 
m  "  for  use  in  the  design  of  hooped  members  need  not  be  less  than  that  used  in  the 
design  of  ordinarily  reinforced  members.  There  appears  to  be  no  justification  what- 
ever for  providing  that  the  value  of  "  ni  "  shall  be  obtained  from  equations  such  as 
those  given  under  paragraph  54,  which  are  based  on  no  recognised  data,  being  purely 
empirical,  and  which  give  values  which,  in  some  cases,  are  not  even  whole  numbers. 

It  is  also  contended  that  since  the  modulus  of  elasticitv  of  concrete  in  compres- 
sion is,  at  the  best,  a  doubtful  quantity,  and  as  other  factors  must  be  taken  into 
account  when  deciding  on  the  value  of  "  m/'  a  constant  value  of  15  for  this  coefficient 
is  quite  sufficientlv  accurate  for  the  purposes  of  calculation,  and  that  the  assumption 
of  this  constant  value  is  justified,  under  the  circumstances,  by  the  simplification  it 
allows  in  the  necessarily  intricate  calculations  required  for  the  design  of  reinforced 
concrete  members. 

In  the  case  of  paragraphs  61  and  62,  dealing  with  the  use  of  compressive  rein- 
forcements in  beams  and  similar  members,  it  is  extremely  doubtful  whether  the 
spacing  of  the  anchorage  specified  in  61  [h)  is  really  necessan^  in  the  case  of  rectangular 
beams,  and,  in  anv  case,  the  second  proviso,  that  the  anchors  shall  not  be  further 
apart  than  16  times  the  least  diameter  of  the  anchored  bar,  is  not  justified,  since  the 

209 


THE  CONCRETE  INSTITUTE.  ICONCJ^l'lj 

compression  bars  can  never  be  stressed  as  highly  as  tn  x  c  lb.  per  sq.  in.,  and  in  the 
majority  of  cases  will  only  be  stressed  to  f  (m  x  c)  or  slightly  more.  (These  values 
are  in  the  case  of  1:2:4  concrete  9,000  lb.  per  sq.  in.  and  6,000  lb.  per  sq.  in. 
resj>ectively.) 

The  anchorage  is  only  required  to  resist  the  lateral  deflection  of  the  reinforcing 
bars,  and  the  security  against  this  action  would,  in  the  author's  judgment,  be  pro- 
vided by  anchorages  considerably  further  apart  than  the  distance  insisted  on  under 
this  regulation. 

It  is  suggested  that  in  rectangular  beams  the  anchorage  should  not  be  further 
apart  than  24  times  the  least  diameter  of  the  anchored  bar. 

In  the  author's  opinion  the  resistance  of  16,000  lb.  per  sq.  in.  for  a  mild  steel 
compressive  reinforcement  as  specified  under  paragraph  62  is  too  great,  and  should  be 
reduced  to  14,000  lb.  per  sq.  in.  at  the  most,  and  a  similar  reduction  be  made  to  the 
resistance  of  the  tensile  reinforcement. 

The  distance  apart  of  the  anchorages  specified  under  paragraph  62  (b)  could,  in 
the  author's  opinion,  be  greater  than  eight  times  the  least  diameter  of  the  anchored 
bar,  as  the  direct  stress  on  the  compressive  reinforcement  would  not  cause  material 
lateral  deflection  with  anchors  at  much  greater  distances  apart. 

The  limit  of  6  in.  for  the  spacing  is  a  very  conservative  assumption.  The  author 
would  suggest  that  the  spacing,  in  this  case,  might  reasonably  be  extended  to  a 
distance  equal  to  twelve  times  the  least  diameter  of  the  anchored  bar. 

In  paragraph  64  the  first  alternative  appears  to  be  unnecessary,  and  the  author 
fails  to  see  what  authority  there  can  be  for  limiting  the  shearing  resistance  to  the 
compressed  area  of  the  web,  since  the  shearing  resistance  must  continue  from  the 
neutral  axis  to  the  surface  of  the  tensile  reinforcement  in  order  that  this  reinforce- 
ment may  act  in  the  resistance  to  flexure.  In  fact,  the  maximum  unit  shearing  stress 
on  the  concrete  exists  from  the  tensile  reinforcement  to  the  neutral  axis  and  reduces 
from  maximum  at  the  neutral  axis  ro  nil  at  the  centre  of  the  compressive  resistance. 

The  restriction  as  to  spacing  of  the  diagonal  tensile  reinforcements  under 
paragraph  67  (a),  while  it  complies  with  the  best  practice  and  is  certainly  advisable 
in  the  case  of  T-beams,  does  not  appear  to  the  author  as  a  justifiable  regulation  in  the 
case  of  rectangular  beams  where  the  sharp  increase  in  the  shear  at  the  plane  of  junc- 
tion of  the  web  and  a  flange  does  not  occur. 

The  author  fails  to  see  the  reason  for  the  restriction  as  to  the  effective  depth 
of  slabs,  under  paragraph  72,  which  appears  also  to  be  merely  an  arbitrary  ruling. 

Provided  a  floor  slab  satisfies  the  regulations  as  to  resistances,  co\-er  to  rein- 
forcements, and  relation  of  depth  to  span,  there  ap{>ears  no  reason  for  placing  an 
arbitrary  value  on  the  elTective  depth. 

In  paragraph  78,  dealing  with  distribution  bars,  it  is  not  by  any  means  clear 
how  the  imposed  values  have  been  arrived  at.  Why,  for  instance,  is  the  cross 
sectional  area  limited  to  o"o8  per  cent,  of  the  effective  cross  sectional  area  of  the 
slab? 

In  actual  practice  it  is  quite  usual  to  use  5-in.  rods  spaced  12  to  18  in.  apart, 
according  to  the  circumstances  of  the  case,  where  there  is  no  actual  necessity  for 
a  two-way  reinforcement. 

The  width  of  flange  permittt-d  in  the  calculations  for  T-beams  under  paragraph 
82  (a)  and  (c)  is  considerably  less  than  has  hitherto  been  admitted  to  be  perfectly  sate 
limits  in  the  best  practice,  and  one  can  see  no  justification  in  reducing,  without  an 
ample  reason,  limits  which  have  always  proved  safe  and  reliable  for  conservative 
design. 

Paragraph  82  (a)  should  be  ^  effective  span  of  the  T-beam,  and  paragraph  82  (c) 
should  be  15  times  the  thickness  of  the  slab. 

In  paragraph  83  the  limiting  width  might  reasonably  be  increased  to  at  least 
six  times  the  thickness  of  the  slab.  The  second  proviso  might  stand,  providing  the 
limits  under  paragraph  82  were  increased  as  suggested. 

Paragraphs  87,  88,  113,  116,  117,  and  121,  showing  methods  of  calculation,  should 
not,  in  the  author's  opinion,  form  part  of  the  regulations. 

The  L.C.C.  regulations  are,  in  the  author's  opinion,  unnecessarily  restrictive  with 
respect  to   the  design   and   construction   of  pillars   and   struts,    and,   if   thev   are   to  be 
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complied  with,  the  use  of  either  ordinarily  reinforced  or  hooped  compression  members 
will  only  be  economically  possible  in  rare  instances. 

The  regulations  provide  that  the  effective  diameter  or  that  to  the  outside  of  the 
outermost  longitudinal  reinforcement  shall  be  used  in  all  calculations  for  compression 
members,  whether  reinforced  in  the  ordinary  way  or  hooped ;  the  working  stresses 
being  those  givfen  in  paragraph  42  (a)  or  the  increased  value  "  i  "  allowed  under 
regulation   115. 

This  provision  is  unnecessarily  restrictive  on  the  employnient  of  columns  rein- 
forced in  the  ordinary  way,  and  it  is  strongly  urged  that  the  resistance  of  reinforced 
concrete  compression  members  of  this  character  should  be  permitted  to  be  calculated 
on  the  outside  sectional  area  with  working  stresses  on  the  concrete  5/6  of  those  given 
in  paragraph  42  (a)  as  altered  according  to  the  author's  equation  (i). 

The  restrictions,  with  respect  to  the  spacing  of  bindings,  imposed  under  paragraph 
105  (a)  are  excessive  in  the  case  of  ordinarily  reinforced  columns. 

The  bindings  are  in  this  case  mainly  required  to  prevent  lateral  deflection  of 
the  longitudinal  bars,  and  the  limits  of  spacing,  in  the  author's  opinion,  might  safely 
be  sixteen  times  the  diameter  of  the  least  longitudinal  bar. 

The  restriction  of  the  spacing  to  6/10  the  least  effective  diameter  of  the  member 
is  justifiable  in  the  case  of  hooped  members,  as  in  this  case  the  bindings  serve  as  a 
lateral  support  to  the  concrete. 

Paragraph  105  (b)  should  merely  specify  that,  in  ordinarily  reinforced  members,  the 
spacing  of  the  lateral  bindings  shall  be  half  that  provided  for  under  paragraph  105 
(a)  for  a  distance  at  the  ends  equal  to   i^  times  the  outside  diameter. 

In  the  case  of  a  hooped  member  no  such  restriction  is  necessary. 

Paragraph  107  should  only  apply  to  hooped  members,  as  it  is  a  provision  apply- 
ing to  this  class  only. 

The  limitation  in  paragraph  log  is  one  that  should  only  apply  to  hooped 
members  and  the  limit  in  this  case  should,  in  the  author's  opinion,  be  reduced  to 
o"o8  per  cent.,  as  this  figure  has  been  generally  accepted  and  has  proved  to  be 
adequate. 

The  lower  limit  of  i-in.  diameter  bars,  provided  for  in  paragraph  108,  is  quite 
sufficient  to  cover  the  control  of  the  sectional  area  of  the  longitudinal  bars  in  columns 
reinforced  in  the  ordinary  way. 

A  statement  might  be  added   to   paragraph    118   to   the   effect   that   intermediate 
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Paragraph  119  is,  in  the  author's  opinion,  an  unnecessary  restriction  on  the 
design  of  hooped  members,  and  this  class  only  can  be  aBeoted  by  this  paragraph. 

The  second  report  of  the  Joint  Committee  on  Reinforced  Concrete,  under  the 
auspices  of  the  Royal  Institute  of  British  Architects,  suggests  a  limit  of  (o'34  +  o'32/)  11 
which  gives  ^11  for  rectangular  laterals,  7/12H  for  independent  circular  hoops  and  jw  for 
helical  bindings — u  being  the  ultimate  compressive  strength  at  three  months  which 
has  values  comparable  with  the  four  month  values  of  the  L.C.C.  regulations. 

The  author  suggests  that  the  limitation  of  (o"344-o'32/)  «  given  above  will 
be  perfectly  safe,  although  somewhat  higher  than  that  allowed  by  the  French  Govern- 
ment, that  for  helical  bindings  being  2-64  times  the  working  stresses  given  by  the 
equation  paragraph  42  (b)  or  by  equation  (i),  or  o-88  times  the  compressive  strength 
at  28  days   given   by  equation   (2). 

The  limitations  on  the  length  of  columns  and  the  loading  to  be  allowed  on  long 
columns  as  provided  under  paragraph    122   are  unnecessarily  severe. 

It  is  suggested  that  the  limitation  for  calculation  as  short  columns  shoukl  be 
18  times  the  least  diameter  of  the  core  in  case  of  ordinary  reinforced  members 
and  15  times  the  least  diameter  of  the  core  in  the  case  of  hooped  members. 

It  is  well  known  that  the  lateral  deflection  of  hooped  columns  is  greater  than 
that  of  ordinarv  columns  of  equal  strength,  and  consequently  the  calculation  as 
short  columns  should  be  restricted  to  a  less  comparative  length  for  hooped  than 
for  ordinarily  reinforced   members. 

The  author  fervently  hopes  that  the  general  question  of  the  restrictions  imposed 
by  the  L.C.C.  regulations  on  the  design  of  compression  members  will  be  adequately 
dealt  with  during  the  discussion,  as  he  feels  convinced  that  this  section  of  the  reguia- 
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tions  should  be  considerably  modified  at  an  early  date,  if  the  use  of  reinforced 
concrete  columns  in  the  County  of  London  is  not  to  be  unjustly  and  severely  restricted. 

In  paragraph  i8o  the  author  suggests  that  the  mortar  mixture  should  be  of  the 
same  proportions  as  the  cement  and  sand  in  the  concrete  which  is  being  used. 

The  limit  of  temperature  specified  in  paragraph  182  is,  in  the  author's  opinion, 
higher  than  necessary,  and  he  considers  that  the  concreting  operations  might  be 
allowed  to  be  proceeded  with  until  the  temperature  fell  to  35°  or  34°  Fahr.  without 
fear  of  harmful  results,  as  freezing  would   not  actually  occur  until  32°  Fahr. 

DISCUSSION. 
Sir  Henry  Tanner,  C.B.,  I.S.O.,  in  moving  a  hearty  vote  of  thanks  to  Mr.  Marsh,  said  it 
seemed  to  him  very  important  and  very  desirable  that  a  sort  of  Standing  Committee  should 
be  established  to  bring  up  all  the  points,  so  that  they  could  be  considered  by  the  County  Council 
in  due  course.  There  were  many  things  in  the  Building  Act  which  might  also  be  dealt  with 
in  the  same  way.  He  was  Chairman  of  the  Institute  Committee,  and  afterwards  of  the  Joint 
Committee,  and  their  reports  formed  the  basis  of  a  great  deal  that  had  happened  since.  One 
thing  which  had  struck  him  very  forcibly  on  several  occasions  was  that  for  the  strength  and 
stability  of  concrete  a  factxar  of  safety  of  1  to  4  was  altogether  too  much.  He  thought  it 
ought  to  be  very  much  less.  In  his  experience  floors  had  borne  very  much  heavier  loads  than 
they  were  estimated  for  witho'ut  any  deflection. 

Mr.  W.  O.  Perkins  {District  Surveyor  for  Holborn)  observed  that  with  regard  to  the  per- 
centages which  might  be  deducted  from  the  live  loads,  if  they  were  permitted  in  this  country 
to  erect  buildings  of  the  height  to  which  they  w-ere  raised  in  the  United  States,  there  might  be 
a  great  deal  in  Mr.  Marsh's  argument,  but  in  this  country  the  height  of  buildings  was  limited, 
and  after  they  came  down  two  or  three  stories  any  advantage  that  they  might  get  from  this 
discounting  of  live  loads  would  not  amount  to  very  much. 

As  to  strength  or  stresses  permitted  by  the  Regulations  not  being  high  enough,  when  Mr. 
Marsh  was  acting  for  an  authority  like  the  Water  Board,  in  carrying  out  any  work  he  could 
have  a  competent  inspector,  select  his  materials,  and  have  the  very  best,  and  he  could  do 
everything  possible  to  secure  perfect  concrete  being  made  and  used,  but  w-hen  it  came  to  a 
district  surveyor  he  could  not  do  that.  Nine  out  of  ten  buildings  in  his  district  were  erected 
by  speculating  builders,  and  they  could  not  permit  high  stresses  to  be  placed  uix)n  the 
concrete  that  those  people  made.  It  was  largely  for  that  reaison  that  these  comparatively  low 
stresses  had  been  inserted  in  the  Regulations. 

Mr.  Marsh  explained  that  the  stresses  which  he  considered  too  low  were  those  for  the 
stronger  concrete,  and  Mr.  Perkins'  remarks  applied  just  as  much  to  the  i  to  4,  to  which  he 
saw  no  reason  to  object.     All  he  said  was,  put  them  on  the  same  footing. 

Mr.  Perkins  said  that,  after  all,  these  Regulations  were  for  speculating  builders,  and  not 
for  the  architect  or  engineer  who  wished  to  erect  a  building  in  the  best  possible  way.  It  was 
far  better  in  drafting  Regulations  like  these  to  keep  them  as  simple  as  jjossible.  They  did 
not  want  a  series  of  numbers  or  numbers  entailing  decimal  points  ;  a  good  round  number  like 
15  much  simplified  the  calculations  and  made  the  work  much  more  easily  supervised.  With 
reference  to  the  suggestion  that  the  Council's  Regulations  were  unnecessary  in  the  matter  of 
pillars  and  struts,  if  Mr.  Marsh  had  seen  some  of  the  work  commenced  in  his  district  he  thought 
he  would  not  have  stated  that. 

Mr.  Alban  H.  Scott  said  this  wias  the  first  set  of  official  Regulations  in  England  on  rein- 
forced concrete.  The  London  County  Council  had  not  a  free  hand  ;  they  had  practical  men, 
theoretical  men,  chemists,  and  e\ery  sort  of  person  to  please,  and  in  spite  of  what  had  been 
said  about  the  London  County  Council  and  the  Local  Government  Board,  he  thought  they  were 
honestly  to  be  congratulated  on  what  they  had  produced  in  the  way  of  Regulations.  The 
strength  of  reinforced  concrete  did  not  depend  upon  the  engineer  or  the  designer,  but  upon 
the  British  labourer.  Reinforced  concrete  was  about  the  only  material  used  in  building  which 
could  not  be  seen  and  inspected  in  its  actual  finished  state.  They  knew  nothing  at  all  about 
the  strength  of  the  actual  structure.  During  the  period  the  Regulations  were  being  discussed 
by  the  Committee  of  that  Institute  the  principle  he  went  upon  was  to  try  to  keep  down  what 
he  would  call  the  excessive  loading  desired  by  some.  Mr.  Marsh  objected  to  the  length  of 
the  cantilever  being  limited  to  five  times.  It  would  be  rather  interesting  to  know  if  in 
ordinary  building  work  any  cantilever  limited  to  five  could  not  comply  quite  easily  with  that 
condition.  He  gave  approximately  one-tenth  of  the  whole  Paper  to  the  strength  of  materials 
failing  under  tension.  He  (Mr.  Scott)  was  of  opinion  that  every  material,  no  matter  what, 
failed  under  shear  and  not  under  tension.  The  strength  of  concrete  depended  very  largely 
on  the  strength  of  the  aggregate  as  such.     Concrete  made  of  granite  was  very  much  stronger 
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than  concrete  made  of  ordinary  grave!,  and  the  strength  of  granite  concrete  depended  upon 
the  strength  of  the  granite  itself.  It  was  inviting  disaster  to  permit  additional  stresses  on 
steel  to  half  the  yield  point.  The  question  of  the  shrinkage  of  concrete  in  setting  he  thought 
was  a  subject  which  required  a  good  deal  more  investigation.  Reinforced  concrete  structures 
were  accepted  by  the  London  County  Council  as  fire-resisting  structures,  and  accordingly  the 
question  of  the  design  should  be  considered  with  more  regard  to  the  question  of  fire.  Rein- 
forced concrete  las  used  was  not  necessarily  always  an  excellent  fire-resisting  material.  On 
the  other  hand,  they  could  not  use  coke  breeze  for  reinforced  concrete.  So  as  to  make  rein- 
forced concrete  more  complete  or  more  in  harmony  with  the  Londjoa  Countj'  Council's  feelings 
as  to  fire  resistance,  he  thought  all  steel  should  be  covered  by  two  inches  of  concrete  whether  in 
slabs  or  columns  or  buildings. 

Mr,  Ewart  S,  Andrews,  B.Sc,  thougut  the  whole  difficulty  with  Regulations  of  this  kind 
was  that  the  more  detailed  they  were  made  the  more  necessary  it  became  that  economical 
designs  should  be  encouraged.  They  should  not  be  of  too  restrictive  a  nature.  It  was  essential 
that  some  detailed  Regulations  should  be  enforced.  The  fact  that  these  Regulations  had  official 
sanction  and  the  authority  of  the  Local  Ck)vernment  Board  made  it  extremely  difficult  to  depart 
from  them,  even  when  experience  showed  that  further  latitude  might  be  allowed.  In  order  to 
prevent  unsafe  construction  there  was  a  tendency  always  to  err  on  the  safe  side,  and  by  an 
accumulation  of  this  giving  the  benefit  of  the  doubt  to  the  safe  side  they  could  easily 
get  to  a  condition  of  affairs  in  which  real  economy  was  in  danger  of  being  sacrificed 
and  in  which  originality  in  treatment  and  design  tended  to  be  at  a  discount.  One  way  of 
getting  out  of  this  difficulty,  and  which  would  encourage  development,  would  be  to  give  the 
option  either  of  complying  with  these  Regulations  or  else  submitting  the  structure  to  a  test 
load  which  would  ensure  a  satisfactory  factor  of  safety  before  the  building  was  passed.  The 
Regulations  could  and  should  be  modified,  but  the  alternative  treatment  which  he 
suggested  would  meet  a  great  many  cases  which  arose.  He  heartily  agreed  that  requirements 
for  high  tensile  steel  should  be  embodied  in  all  reinforced  concrete  Regulations.  It  had  been 
a  moot  point  for  some  years,  but  experience  had  shown  that  many  highej  tensile  steels  were 
quite  suitable  for  reinfoTced  concrete  work,  and  it  seemed  ludicrous  not  only  to  prevent  their 
being  used  to  full  economy  by  increasing  the  permissible  stress,  but  also  to  prohibit  their  use 
at  all.  He  did  not  want  to  minimise  the  necessity  for  securing  safety  in  construction.  The 
great  thing  to  keep  in  mind  was  that  efficiency  was  the  first  point  to  consider.  At  present,  of 
course,  thej'  were  forced  to  consider  economy  in  material.  He  was  not  sure  they  were  allowed 
to  observe  it  to  the  extent  that  they  should,  because  in  addition  to  there  being  a  shortage  of 
steel  there  was  also  a  shortage  of  brains.  If  they  realised  that  ultimately  everybody's  interest 
would  be  best  served  by  using  their  material  in  the  most  economical  way  possible,  they 
should  make  a  great  advance  as  they  progress  in  the  scientific  development  of  their  subject, 
and  ultimately  everybody  wooild  benefit  bj^  the  use  of  material  in  its  most  economical  form. 

Mr.  E.  Fiaader  Etcbells,  A.M.Inst.C.E.,  said  the  authorities  were  well  aware  of  the 
necessity  for  constant  revision  of  the  Regulations.  In  igog  they  decided  to  go  in  for  Regula- 
tions for  reinforced  concrete  instead  of  an  Act  of  Parliament,  because  Regulations  were  more 
easy  to  alter  from  time  to  time.  On  June  24th,  igi3,  the\-  reported  as  follows  : — "  Speaking 
generally,  the  alterations  are  chiefly  changes  in  form  only,  though  in  some  iristances  they 
render  the  Regulations  somewhat  more  onerous  than  those  originally  adopted.  Any  increase 
in  the  standard  of  stability  may  evoke  criticisms,  but  as  the  use  of  reinforced  concrete  in 
building  work  is  a  modern  development,  it  is  in  our  opinion  expedient  to  accept  the  modifica- 
tions so  that  the  Regulations  may  speedily  come  into  force  and  ensure  safety  in  the 
employment  of  this  method  of  construction.  If  during  the  next  few  years  experience  shows  that 
the  Regulations  may  with  advantage  be  made  less  onerous,  there  should  be  no  difficulty  in 
modifying  them  accordingly."  They  would  see,  therefiore,  that  they  were  prepared  to 
consider  amendments,  but  they  had  also  intimated  that  they  would  consider  those  amendments 
when  the  four  Technical  Institutions  were  agreed  among  themselves  as  to  what  the  Regula- 
tions ^should  be.  So  far,  unanimity  of  opinion  had  not  been  obtainable.  If  in  practice  they 
did  not  want  to  design  a  cantilever  having  a  length  exceeding  five  times  its  depth  or  a  floor  of 
less  than  three  inches  in  thickness,  where  was  the  practical  hardship?  Three  inches  was  the 
minimum  thickness  of  slabs  ;  five  inches  was  the  minimum  thickness  of  fire-resisting  floors. 
Mr.  Marsb  :  Surely  you  would  not  allow  a  building  to  be  put  up  that  was  not  fire-resisting? 
Mr.  Etcbells  said  the  answer,  strange  as  it  might  appear,  was  "  Yes,"  if  Mr.  Marsh  had 
his  way  and  made  no  restriction  as  to  the  depth  of  floor  slabs.  Mr.  Marsh  had  referred  lo 
decimals  as  a  modular  ratio.  He  (Mr.  Etchells)  hoped  that  no  surveyor  would  hold  a  job  up 
because  a  modular  ratio  came  out  as  a  decimal.     He  hoped  they  would  work  to  the  nearest 
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round  number ;  he  did  not  think  the  .authorities  would  take  any  proceedings  against  them 
because  they  neglected  a  decimal  on  a  matter  which  Mr.  Marsh  himself  admitted  was 
exceedingly  uncertain,  and  on  which  they  could  not  lay  down  a  definite  law. 

The  President  said  it  was  quite  evident  from  the  discussion  that  many  gentlemen  did  not 
agree  with  Mr.  Marsh,  but  that  did  not  diminish  in  the  least  degree  their  indebtedness  to  him 
for  having  brought  forward  various  points  upon  which  it  was  possible  that  economy  might  be 
introduced  by  modifying  the  Regulations.  He  certainly  echoed  the  suggestion  of  Sir  Henry 
Tanner  that  a  Oommittee  should  be  appointed  to  consider  not  only  what  he  might  call  the 
scientific  investigation  and  thought  that  had  been  given  to  this  subject,  but  also  the  resalls 
of  the  actual  experience  gained  from  the  administration  of  these  Regulations  during  the  few 
years  they  had  bfeen  in  force,  and  if  such  a  Committee  were  formed  and  they  were  able  to 
persuade  various  technical  societies  who  had  part  control  over  this  matter  that  certain 
improvements  might  be  introduced,  he  thought  a.  great  deal  of  this  would  be  due  to  Mr. 
Marsh's  endeavours  to  force  the  matter  to  the  front. 

THE  LECTURER'S   REPLY. 

Mr.  Marsh,  in  reply,  said  he  failed  to  appreciate  Mr.  Perkins"  attempt  to  justify  what 
tliey  might  call  the  theoretical  strictures  of  the  Reguktions  by  reason  of  the  faulty  con- 
struction. Surely  the  two  things  were  entirely  apart;  they  m>ust  either  regulate  for  their 
construction  by  itself  and  guard  against  it  in  that  way  instead  of  providing  unduly  strict 
regulations  with  regard  to  design  in  order  to  counteract  the  faultiness  in  construction.  It  was 
necessary  to  control  the  jerry  builder,  but  why  control  him  by  having  restrictive  regulations 
with  respect  to  design,  he  could  not  see.  On  the  point  of  the  length  of  the  cantilever,  he  did 
not  object  to  it  being  five  times  the  effective  depth.  There  was  no  reason  why  a  cantilever 
should  not  be  dealt  with  in  exactly  the  same  way  as  a  beam  as  far  as  the  effect  of  length  went. 
Mr.  Etchells'  answer  to  one  of  the  points  raised  was  the  typical  answer  of  a  framer  of 
regulations — "  We  may  now  proceed  to  use  the  Regulations  as  they  are  printed."  That  was  the 
non-fossumus  attitude.  They  would  not  consider  it  any  further ;  they  would  proceed  with 
the  Regulations.  He  maintained  that  there  was  no  reason  for  treating  the  richer  mixtures  of 
concrete  in  a  different  way  from  the  inferior  qualities.  Construction  was  one  thing,  and 
design  was  another.  He  could  not  see  why,  because  a  man  was  going  to  put  in  bad  work, 
they  should  tell  the  man  who  was  designing  the  structure  he  must  make  it  far  too  strong  for 
the  job. 
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CORRESPONDENCE. 

To  the  Editor  of  Concrete  and  Constructional  Engineering. 

Sir, — As  a  constant  reader  of  your  interesting-  Journal,  I  should  like  to  traverse 
some  of  the  statements  made  by  .\lr.  Potter  in  "  Concrete  Simplified  "  (Feb.  issue). 

Of  course,  Mr.  Potter  may  be  referring  to  mass  concrete  in  foundations  and 
walls,  where  perhaps  excellence  of  work  does  not  so  much  count,  whereas  I  refer 
to  concrete  in   smaller  and   lightly  designed  articles. 

Page  94,  par.  4.  He  states  "  slag  makes  one  of  the  best  aggregates."  I  beg 
to  differ.  He  admits  it  contains  sulphur,  and  sulphur,  chemists  tell  us,  is  a  deadly 
enemy  to  cement.  Many  failures  have  arisen  due  to  its  use,  and  it  is  excluded 
by  ail  rigid  building  bye-laws  and  sj^ecifications.  It  is  also  a  deadly  enemy  to 
steel   and   therefore  should  not  be   used   in   connection    with   it. 

Some  years  ago  concrete  made  with  slag  was  used  in  connection  with  steel- 
work on  a  very  large  main  line  bridge  on  one  of  the  principal  English  railways. 
After  the  bridge  had  been  completed  a  short  time  examination  showed  serious 
corrosion  where  the  slag  concrete  touched  the  steel,  and  it  all  had  to  be  pulled  out. 

Coke  breeze  (page  95,  par.  2).  One  of  our  principal  testing  engineers  told  me 
that  of  all  unsatisfactory  materials  brought  him  to  test  concrete  made  of  breeze 
and  cinders  was  the  worst.  While  there  may  be  situations  where  it  is  advisable  to 
use  it,  it  must  remain  a  suspect  material. 

Boiler  Ashes  (page  95,  par.  6).  Drivers  do  not  "  eke  out  their  fuel  by  using 
stone,"  as  stated.  With  some  coal  it  is  necessary  to  use  brick  ends  or  stone  to 
keep  the  fuel  from  clinkering  on  the  bars. 

Lime  Concrete.  I  have  used  hundreds  of  tons  of  lime  concrete  which  is  to- 
day as  hard  as  a  rock,  but  I  do  not  advocate  nor  do  I  think  it  advisable  or  neces- 
san'  to  use  cement  with  it.  Cement  if  properly  made  should  contain  no  free  lime. 
Why,   then,  add  lime  to  it? 

There  is  much  that  is  excellent  in  the  article,  but  as  an  engineer  of  thirty-five 
years'  experience  I  must  protest  against  these  misstatements.  It  is  the  failures  due 
to  the  use  of  such  wrong  materials  that  give  concrete  a  bad  name.  In  spite  of 
its  general  adaptation  there  are  even  to-day  engineers  in  high  positions  who  look 
askance  at  it  and  will  not  use  it  more  than  they  can  help,  and  we  must,  by 
eliminating  all  failures,  patiently  wear  down  their  opposition.  The  best  way  to  do 
this  is  to  use  nothing  but  the  finest  material  allied  to  skilled  design  and  workman- 
ship. Yours   truly, 

William  Marriott,  M.Inst.C.E. 


The  Preservation  of  Iron  in  Concrete. 

To  the  Editor  of  Concrete  and  Constructional  Engineering. 

Sir, — The  very  valuable  information  on  the  above  subject  which  you  published 
in  a  recent  issue  confirms  my  experience  on  this  difficult  subject. 

Steel-reinforced  concrete  is  of  such  recent  orig-in  that  the  data  are  scarce.  The 
importance  of  preventing  dampness — not  only  from  rusting  the  steel  but  from 
disintegrating-  the  cement  by  the  action  of  wandering  electrical  currents — is  not  suffi- 
ciently recognised. 

I  first  had  my  attention  drawn  to  the  latter  danger  several  years  ago  by  the 
engineers  of  one  of  the  largest  British  Government  Departments.  They  were 
desirous  of  protecting  the  underground  work  of  their  telephone  and  telegraph  depart- 
ments. Several  difficult  tests  were  made  by  the  department  engineers,  both  in  the 
laboratory  and  in  actual  work,  with  the  result  that  Pudlo  is  now  regularly  specified 
by  them  to  waterproof  the  concrete  or  the  cement  renderings. 

The  data  I  have  collected  on  electrolysis  are  very  instructive,  and  comprise 
opinions  and  facts  from  many  countries  and  from  *^he  most  eminent  experts. 

For  instance,  the  American  Society  of  Civil  Engineers,  in  conjunction  with  three 
other  associations,  set  up  a  joint  committee  on  concrete  in  1903,  and  in  1916  a  full 
report  was  published.  While  the  result  of  their  experiments  agree  with  the  matter 
you  have  published,  their  report  is  more  voluminous  and  will  be  of  interest  to  most 
architects  and  engineers. 

I  shall  be  glad  to  give  any  further  inforn-iation  I  possess  on  this  subject  to  any 
ot  your   readers.  Yours   faithfully, 

J.  H.  Kerner-Greenwood. 
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NEW  BOOKS 

AT   HOME   AND   ABROAD. 

A  short  summary  of  some  of  the  leading  books  which  have  appeared  during  the  last  fe-o)  months. 


Bridge    Engineering.     By   J.  A.  L.   Waddell. 

London:  Chapman  &  Hall.  Ltd.     In  2  vols,      23/-  net 
each. 

There  are  not  many  good  things  that  we 
can  attribute  to  the  present  war,  but  this 
book  is  one  of  them,  for  the  author  tells 
us  that  but  for  the  paralysis  of  bridge 
engineering  consequent  upon  the  war  he 
would  never  have  found  the  time  to  write 
it.  Judging  from  the  amount  of  work  put 
into  the  book  by  Mr.  Waddell  and  his 
assistants,  all  this  being  gone  into  in  un- 
usual but  very  interesting  manner  in  the 
preface,  these  two  volumes  ought  to  con- 
tain more  useful  information  upon  bridge 
engineering  in  their  two  thousand  one 
hundred  odd  pages  than  anything  that  has 
previously  been  attempted ;  and  so  they 
do.  It  is  impossible  in  a  brief  notice  of 
this  kind  to  give  an  exhaustive  review ; 
even  to  give  the  list  of  chapter  headings, 
of  which  there  are  seventy-nine,  would 
use  up  all  the  available  space  at  our  dis- 
posal. We  will  instead  give  a  brief  idea 
of  the  scope  and  treatment  of  the  book. 

The  book  is  the  grown-up  form  of  the 
child  that  was  born  under  the  name  de 
Pontibus  more  than  eighteen  years  ago, 
and  has  grown  in  stature  and  knowledge 
every  time  that  it  has  appeared  in  a  new 
dress ;  this  time  it  has  come  to  full 
maturity. 

The  ordinary  treatment  of  the  deter- 
mination of  stresses  in  bridges  is  not 
given,  as  the  author  believes  that  such 
treatment  is  already  to  be  found  in  satis- 
factory form  in  the  existing  text-books. 

We  will  direct  attention  to  some  of  the 
features  of  the  book  which  are  of  great 
value  and  which  are  not  usually  treated. 
First  among  these  may  be  mentioned 
Chapter  LII.  on  "  .(Esthetics  in  Design  "; 
the  following  quotations  from,  the  precepts 
laid  down  indicate  the  trend  of  the 
author's  views  : — "  A  structure  must  be 
in  harmony  with  its  environment  and  not 
appear  as  an  intrusion  thereon  ";  "  Mere 
ornamentation  generally  affronts  the  sense 


of  harmony  and  fitness  ";  "  Each  part  of 
a  structure  should  be  treated  in  such  a 
way  that  its  function  therein  shall  be 
apparent  and  emphasised  according  to 
the  importance  of  that  function";  "The 
present  steel-trussed  bridge  is  inherently 
ugly,  but  with  the  further  perfecting  of 
the  science  of  bridge  design  and  a 
recognition  of  the  fact  that  beauty  is  an 
aim  and  not  an  accident  of  growth 
aesthetic  forms  will  be  evolved." 

Chapters  LVH.  and  LVHI.  deal  re- 
spectively with  "  Estimates  and  Office 
Practice  "  and  contain  much  valuable  in- 
formation, which  is  the  result  of  long  ex- 
perience and  which  engineers  seldom  are 
willing  to  make  public.  Other  valuable 
chapters  deal  with  "  Specifications  in 
General,"  "  Contracts,"  "  Reports," 
"  The  Promotion  of  Bridge  Projects," 
"  Bridge  Engineering  Fees,"  "  Some 
Business  Features  of  Bridge  Engineer- 
ing." 

On  the  subject  of  "  Bridge  Engmeering 
Fees,"  which,  of  course,  the  author  con- 
tends to  be  too  low,  he  gives  the  following 
excellent  advice  to  each  individual 
engineer  for  advancing  the  status  of  the 
engineering  profession.  "  Lei  him  refuse 
to  lend  him.self  to  every  endeavour  on  the 
part  of  his  clients  or  employers  to  keep 
down  the  salaries  of  his  subordinates ;  but, 
on  the  contrary,  let  him  insist  upon  their 
compensation  being  advanced  as  their  ex- 
perience and  the  value  of  their  services 
increase.  Let  him  also  refrain  from  envy 
and  ill-natured  remarks  when  he  learns 
that  some  other  engineer  in  his  own  class 
has  received  advancement  or  Secured  a 
large  fee  ..."  The  book  concludes  with 
a  glossary  cf  technical  terms  occupying 
240  pages. 

The  author  expresses  in  the  preface  the 
hope  that  when  his  time  comes  to  pass  on 
to  the  beyond  the  profession  will  deem  him 
worthy  of  the  Colorado  epitaph,  "  He  done 
his  level  damnedst ;  no  angel  could  do  no 
more."     We  believe  that  he  done. 
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"  An  extensive  practical  treatise,  fully 
illustrated." 

Globe. 

"  Mr.  Arthur  Lakeman  has  done  a 
public  service  by  the  compilation  of  a 
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Memoranda  and  Ne-ws  Hems  are  presented  under  this  heading,  with  occasional  editorial 
comment.     Authentic  neivs  -will  be  tvelcome.—ED. 


Silo  Staves  for  Farm  Building!,.— On  a  farm  building  near  Elgin,  111., 
concrete  silo  staves  of  a  pattern  which,  set  horizontally,  provides  in  its  rib  an  over- 
hung joint  which  is  weatherproof,  are  used  extensively  for  buildings.  In  erecting 
the  walls  forms  with  edges  cut  to  conform  to  the  staves  are  set  up  and  vertical 
rods  placed  for  reinforcement.  The  staves  are  set  in  position  with  their  ends 
projecting  slightly  inside  the  stud  form,  which  is  poured  full  of  concrete.  A  poultry 
house  and  a  hog  house  were  erected  on  the  above  farm  of  this  construction,  and  not 
only  the  buildings  but  the  runs  are  of  stave  construction.  The  gates  to  all 
pens  are  of  plank  arranged  to  slide  through  a  slot  in  the  top  member  of  the 
fence  and  in  grooves  left  in  the  concrete  studs.  Gates  inside  the  building  are 
arranged  in  a  similar  way. — {Concrete,   U.S.A.). 

A  Novel  Form  of  Reinforced  Concrete.— Concrete  Houses  in  tbe  Pttilippines. — 
Concrete  houses  in  the  Philippine  Islands  have  been  erected  by  using  a  concrete 
reinforced  with  woven  mats  of  bamboo,  and  the  concrete  is  composed  of  cement, 
sand  and  rice  husks.  This  type  of  house  has  been  developed  by  the  Philippine 
Health  Board  to  replace  the  primitive  bamboo  and  thatch  dwellings. 

TAe  Worlcing-Class  Home. —Some  time  ago  the  Housing  Sub-committee  of  the 
Women's  Labour  League  invited  the  working  women  of  the  country  to  answer  a 
series  of  eighteen  questions  contained  in  a  circular  as  to  what  are  the  defects  of 
the  present  type  of  house  and  the  auxiliary  advantages  that  are  necessary  to  make 
the  working-class  home  all  that  a  house  should  be. 

Mrs.  Sanderson  Furniss,  the  secretary  of  the  Housing  Sub-Committee,  has 
received  a  volume  of  interesting  replies,  particularly  to  the  questions  "  What  is 
wrong  with  vour  house  now?  "  and  "  What  sort  of  house  do  you  want  in  the 
future?" 

Generally  the  replies  indicate  a  desire  for  a  centrally  heated  self-contained 
cottage  with  three  bedrooms,  sitting-room,  eating-room,  and  self-appointed  scullers- 
kitchen,  with  an  electrical  installation  for  cooking.  The  practice  of  making  the 
bathroom  a  part  of  the  scullery  is  universally  condemned.  There  must  be  a  separate 
bathroom.  Throughout  the  replies  runs  the  plea  for  light  and  air,  large  gardens, 
communal  playgrounds  for  the  children,  and  sweetness  and  cleanliness  in  the 
scullery.     Flats  are  not  popular. 

Seaside  Baths. — To  give  some  sort  of  architectural  dignitv  to  seaside  bathing 
establishments  was  one  of  the  suggestions  put  forward  by  Mr.  J.  W.  Cockrill  in  a 
paper  read  before  the  Town-Planning  Institute  on  "  The  Development  of  British 
Watering  Places  After  the  War."  Was  it  necessary,  he  asked,  that  if  an  indoor 
swimming  bath  were  to  be  attempted  it  should  be  covered  with  a  railway  station 
roof  in  miniature?  A  few  recent  erections  had  been  put  up  in  reinforced  concrete, 
a  material  which  offered  at  reasonable  cost  the  opportunity  of  producing  something 
more  substantial  and  dignified  than  the  methods  of  construction  now  in  use.  In 
designing  one  of  these  establishments  in  the  near  future  something  on  the  lines  of 
the  Roman  baths  should  be  attempted,  and  the  successful  architect  at  work  on  it 
might  have  in  his  mind  as  models  some  of  the  grand  designs  to  be  found  in 
Piranesi's    etchings. 
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Concrete  Vaults  as  Cisterns. — It  often  happens  that  in  building  a  vault  or  a  con- 

crete-lintd  risttrn  ii  is  doirabk-  to  use  as  little  lumber  as  possible.  This  can  be 
accomplished  by  using  four  wide  planks,  tacked  together  in  the  form  of  a  frame,  the 
size  of  the  inside  of  the  opening  desired.  The  bank  .is  trimmed  to  the  proper  size 
or  the  outside  form  and  the  plank  frame  set  in  position  at  the  bottom  of  the  hole. 
Semi-wet  concrete  can  then  be  rammed  in  place  and  the  forms  raised  to  nearly  the 
width  of  the  plank  and  again  filled.  If  the  proper  mixture  is  used  and  care  exercised 
in  placing,  a  pit  3  ft.  or  4  ft.  can  be!  lined,  without  danger  of  the  concrete  slipping. 
If  it  is  desired  to  make  this  waterproof  it  can  be  done  by  plastering  on  the  concrete 
which  this  method  has  left  rough  and  in  shape  to  make  an  excellent  bond. 

Jmpraved  Concrete  Block  Lining  for  Pit  Sliafts.  — We  reproduce  the 
following  particulars  and  illustraiiuns  regarding  new  concrete  shafting  which 
appeared  in  the  Colliery  Guardian  : — Mr.  Frederick  Walker,  sinking  contractor, 
Doncaster,  has  been  granted  patent  rights  for  an  improved  form  of  concrete  block 
for    lining   pit    shafts    and    simMar    purposes.     The   block    is    of   the   stepped  T-shaped 


Fic.  2. 


Fig.  4. 


Fju. 


Fig.  3. 
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"ZENITH" 
STEAM   FRICTION   WINCHES 


lUustratio  1  shows  front  view  of  a  6^"  x  10" 
"Zenith  '  Double  barrel  (tandem)  Friction 
Winch.  Note  the  ample  space  on  the  barrels 
to  take  the  rope,  the  straight  lead,  the  unob- 
structed view  of  the  driver  and  easy  control. 
These  are  only  a  few  of  the  distinctive  features 
of  "  Zenith  "  Winches. 
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type,  in  which  the  bond  is  obtained  by  inverting  alternate  bricks.  Hitherto  blocks 
of  this  tvpe,  as  used  for  straight  walling,  have  been  constructed  with  normal  faces 
to  the  steps,  in  such  a  manner  that  they  have  vertical  and  horizontal  joints  between 
the  steps  of  adjacent  blocks.  In  one  type  the  steps  have  been  provided  with 
inclined  jointing  faces,  such  incline,  whether  longitudinal  or  transverse,  being  arranged 
in  an  inward  direction  so  as  to  form  an  acute  angle  between  the  jointing  faces  of 
each  step,  for  the  purpose  of  obtaining  a  locking  effect  between  the  faces  of 
adjacent    blocks. 

The  present  invention  is  characterised  mainly  by  the  vertical  and  horizontal  faces 
ot  the  steps  being  slightly  tapered  in  an  outward  direction  so  as  to  be  thick  at  the  neck 
and  narrowing  down  towards  the  nose,  thereby  avoiding  any  weakness  across  the  neck 
either  in  a  vertical  or  in  a  horizontal  direction,  and  at  (he  same  time  facilitating  both 
the  moulding  and  laying  of  the  blocks.  This  last  would  more  particularly  be  the  case 
when  the  blocks  are  used  for  shaft  lining — the  principal  application  of  the  invention^ — 
in  which  case  the  wall  may  require  to  be  built  either  upwards  in  the  ordinary  manner 
or  from  the  top  downwards.  A  further  feature  of  the  invention  consists  in  the  com- 
bination with  the  outwardly-tapvered  stepped  block  of  a  parallel  uniform  and  laterally- 
connected  series  of  flat  and  approximately  rectangular  inter-grooves  on  all  the  jointing 
faces,  vertical  and  horizontal,  of  the  stepped  block.  Horizontal  and  central  vertical 
blowpipes  are  moulded  in  each  block,  through  which  liquid  cement  is  forced  in  to  fill 
up  the  spaces  behind  the  blocks  and  the  groove  joints  between  the  blocks. 

The  form  of  construction  will  be  better  understood  by  reference  to  the  line 
drawings,  of  which  Fig.  i  and  Fig.  2  show  respectively  a  front  and  end  elevation  of 
two  complementary  courses  of  the  blocks.  Fig.  3  is  a  cross-section  on  a  larger  scale, 
showing  the  laterally-connected  flat-grooved  joint  between  two  blocks.  The 
blocks,  it  will  be  noted,  are  all  the  same  shape,  and  are  such  that  when  two  blocks 
A,  A,  are  laid  together,  an  intermediate  inverted  block  B  will  fill  up  the  space  between 
them.  The  main  horizontal  joints  are  locked  by  a  series  of  iron  dowels,  for  which 
space  is  provided  at  C,  when  moulding  the  blocks.  The  stepped  grooved  joints 
are  filled  up  by  forcing  liquid  cement  through  the  blowpipe  D,  which  is  placed 
centrally  in  the  mould  of  each  block  so  as  to  be  readily  accessible  and  discernible. 
The  cement  for  filling  in  the  space  between  the  walling  and  outer  lining  is  forced 
through  the  pipes  E. 

Fig.  4  shows  the  proposed  arrangement  when  it  is  necessary  to  build  the  shaft 
lining  from  the  top  downwards.  In  this  case  the  lining  wall  is  reinforced  by  the 
bolts  F,  which  are  connected  by  ferrules  I,  and  passed  vertically  through  holes 
moulded  in  the  blocks  so  as  to  afford  means  of  continuously  connecting  the  successive 
courses.  Provision  is  also  made  for  further  strengthening  the  wall  by  the  employ- 
ment of  courses  of  wider  blocks,  as  at  G.     Fig.  5  is  an  isometric  view  of  the  blocks. 

The  West  Quay  of  Madras  Harbour.  —  A  paper  was  recently  read  before  the 
Institution  of  Civil  Engineers  on  this  work.  The  authors  of  the  paper  were  Sir 
Francis  J.  E.  Spring,^  K.C.I.E..  and  Mr.  Hugh  H.  G.  Mitchell,  M.Inst.C.E. 
They  describe  how,  at  a  cost  of  ^£^200,000,  3,000  lineal  feet  of  a  quay,  fit  for  vessels 
of  Suez  Canal  draughts,  has  been  constructed  along  the  west,  or  shore,  side  of 
Madras  artificial  harbour.  The  quay  in  question  has  replaced  the  shelving,  sandy 
shore  and,  by  allowing  dredging  to  be  done,  has  enabled  the  Port  Authority  to  enlarge 
the  area  of  the  enclosed  harbour,  available  for  shipping,  from  about  100  to  about 
200  acres.  In  other  words,  the  shore  half  of  the  harbour,  which  before  the  con- 
struction of  the  quay  was  available  only  for  small  craft,  is  now  available  for  vessels 
of  Suez  Canal  draughts. 

The  quay  is  constructed  mainly  of  granite  cement  concrete  faced  with  granite 
masonry.  It  rests  on  about  70  double-aperture  wells  or  monoliths,  sunk  to  a  depth 
of  55  ft.  below  low  water,  or  to  a  depth  of  23  ft.  below  the  dredg<xl  bottom  of  the 
deepest  berths.  Of  the  wells  21  are  50  ft.  by  28  ft.,  three  are  44  ft.  by  28  ft.,  21  are 
43  ft.  by  24  ft.,  and  19  are  35  ft.  by  20  ft.  Besides  these  64  deeply-sunk  or  regular 
wells,  there  are  at  each  end  a  few  smaller  and  shallower  wells,  where  the  quay 
crosses  the  rubble  base  of  the  old  harbour  breakwaters.  Throughout  the  full  length 
(2,980  ft.)  of  the  quay  its  breadth  on  top  of  the  wells  is  24  ft.  Its  height  above  Indian 
spring  low  water  is  12  ft.  The  wells  are  shod  at  the  bottom  with  sktI  curbs  weighing 
in  the  aggregate  about   1,000  tons,  made  by  local   firms. 
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PUBLISHERS'  NOTICES. 

Messrs.  James  Sehvyn  and  Co.,  20,  Essex  Street,  Strand,  \V.C.2,  announce  that 
they  have  taken  over  from  Messrs.  W'hittaker  and  Co.  the  pubHcation  of  Mr.  Arthur 
Judge's  books  upon  "  Design  of  Aeroplanes  "  and  "  Properties  of  Aerofoils,"  and 
Mr.  W.  E.  Dommett's  successful  book  upon  "  .Aeroplanes  and  .'\irships."  They  have 
ready  for  publication  "  A  Primer  of  Engineering  Science,"  by  Mr.  Ewart  S.  Andrews, 
and  "Tables  of  Safe  Loads  on  Plated  I  Beam  Pillars,"  by  Mr.  Ewart  S.  -Andrews 
and  Mr.  W.  Cyril  Cocking.  These  latter  tables  are  calculated  in  accordance  with  the 
L.C.C.   Steel   Frame  Act,  and  the  price  is  6s.   net,   post  free   from   the  publishers. 

TRADE  NOTE. 
"The  Welding  Test"~\  little  booklet,  entitled  "The  Welding  Test,"  just 
issued  by  Barimar,  Ltd.,  a  Lomlon  firm  of  scientific  welders,  which  has  built  up  an 
almost  entirelv  new  business  of  metal  fusion  for  the  repair  or  re-creation  of  fractured 
parts  of  machinery,  deals  interestingly  with  a  highly  technical  subject  in  simple 
language.  It  shovvs  how  one  firm  has  brought  back  into  commission  more  than 
20,000  British  derelict  machines  now  engaged  on  National  Service.  Many  of  the 
delicate  processes  by  which  complete  metal  fusion  is  brought  about  were  practically 
German  preserves  in  pre-war  days,  and  the  booklet  will  be  read  with  interest  by 
many  people  who  follow  approvingly  the  growth  of  British  industries.  To  any  reader 
who  possesses  fractured  machinery  a  copy  wil!  be  sent  post  free  on  application  to 
Barimar,  Ltd.,   10,  Poland  Street,  Oxford  Street,  W.i. 

CHANGE    OF    ADDRESS. 

The  Trus-Con  Laboratories,  having  had  their  Kingsway  ofiice^  commandeered 
bv  the  Government,  have  removed  to  415-418,  Bank  Chambers,  329,  High  Holborn, 
W.C.I.     (Tel.    Holborn   360.) 
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shown  in  the  illustration  is  fitted  with 
our  latest  side  loader  and  is  driven  direct 
by  petrol  engine,  the  plant  being  mounted 
on  road  wheel  truck. 
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EDITORIAL  NOTES. 


CONCRETE  FOR    MINE  SUPPORTS. 

As  tar  back  as  190S  we  strongly  advocated  the  use  of  reinforced  concrete  for 
certain  forms  of  ship  construction,  having  seen  excellent  examples  thereof  on  a 
small  scale  abroad.  The  idea  was  more  or  less  ridiculed  in  this  country,  and  only 
as  a  result  of  the  war  and  the  energetic  efforts  made  in  other  European  countries 
and  the  United  States  has  it  been  realised  in  England  that  reinforced  concrete 
ship  construction  had  possibilities,  and  at  last  we  see  it  announced  that  some  sea- 
going barges  have  been  launched  in  the  United  Kingdom.,  and  that  some  sea- 
going cargo  boats  of  the  tramip  steamer  type  are  in  course  of  construction. 

It  was  in  1909  that,  after  careful  enquiry,  we  also  pressed  the  possibility, 
both  practically  and  economically,  of  the  use  of  concrete  and  reinforced  concrete 
in  mines,  and  we  especially  dwelt  on  the  advantages  of  the  reinforced  concrete 
pit  prop,  which  should  be  constructed  to  standard  sizes  to  meet  a  large  number 
of  purposes  in  mines,  although  we  never  went  so  far  as  to  say  that  every  require- 
ment of  the  mine  could  be  met  by  concrete.  It  has  again  taken  nearly  a  decade 
to  make  this  country  realise  that  there  was  something  in  our  arguments,  and  the 
exigencies  of  the  war  are  compelling  us  to  find  substitutes  for  the  decreasing 
supplies  of  timber. 

We  have  at  last  before  us  an  authoritative  memorandum  on  the  use  of  concrete 
for  mine  supports,  issued  by  Professor  Knox  for  use  at  the  South  Wales  School 
of  Mines,  Treforest,  and  dated  January  i8th,  1918.  The  direct  cause  of  such  an 
authoritative  advocacy  of  reinforced  concrete  mine  supports  was  primarity  due 
to  the  scarcity  of  timber  arising  out  of  the  war. 

At  the  end  of  that  exceedingl}.'  interesting  memorandum  Professor  Knox 
mentions  that  our  pre-war  annual  consumption  of  timber  in  mines  was  not  less 
than  4I  million  tons,  of  which  four-fifths  was  imported  from  overseas.  Even 
during  the  war,  when  timber  has  become  so  scarce  and  freightage  so  difficult,  we 
have  spent  in  1915  no  less  than  £4,700,000  on  imported  timber,  and  in  1916, 
{,"6,900,000. 

We  would  strongly  urge  every  colliery  proprietor  and  manager  to  read  Pro- 
fessor Knox's  report,  which  we  present  in  full  in  this  issue.  The  time  for  the 
undue  temerity  as  to  the  use  of  concrete  and  reinforced  concrete  has  long  passed 
in  every  part  of  the  civilised  world  other  than  in  the  United  Kingdom,  where  this 
temerity,  more  politely  known  as  "  conservatism,"  exists  to  a  ridiculous  degree. 
This,  however,  is  no  longer  a  time  when  conservatism  in  thought  should  be  the 
(^rder  of  the  day,  and  whilst  we  may  perhjvps  congratulate  ourselves  as  being 
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pioneers  in  the  advocacy  of  reinfcjrced  concrete  for  siiip  construction,  and  also  as 
having  taken  our  fair  share  in  the  efforts  to  replace  timber  uses  generally  above 
ground  by  concrete  and  reinforced  concrete,  we  also  sincerely  trust  that  one  of  the 
most  conservative  of  all  industries — namely,  the  colliery  industry,  both  masters 
and  men — may  realise  the  advantages  of  concrete  and  reinforced  concrete  for 
underground  work  and  the  econcmiy  of  its  use  both  on  the  side  of  capital  outlay 
and  maintenance. 

AIR    RAID    PRECAUTIONS  AND  CONCRETE. 

In  connection  with  one  of  the  air  raids  that  occurred  during  the  past  twelve 
months,  and  which  resulted  in  a  large  number  of  casualties  at  some  works  that 
were  being  used  as  an  air  raid  shelter,  an  ignorant  public  started  disparaging  the 
use  of  concrete  as  a  protection  against  air  raid  bombs.  It  was  argued  that  this 
particular  building  had  had  three  concrete  floors,  and  yet  the  casualties  occurred. 

It  is  about  time  that  the  circulation  of  foolish  information  of  this  kind  should 
be  stopped,  as  it  prevents  the  necessary  confidence  being  accorded  to  structures 
that  well  merit  attention  from  the  Air  Raid  Shelters  Committee  and  others 
engaged  in  providing  protection  in  the  case  of  air  raid  attack. 

No  bomb  pierced  the  three  concrete  floors  in  question,  for  the  simple  reason 
that  the  bomb  dropped  outside  the  building,  and  that  the  catastrophe  was  princi- 
pally due,  not  to  the  concrete  floors  being  pierced,  but  to  one  or  more  supports 
of  the  concrete  floors  in  the  building,  which  were  of  brick,  being  destroyed. 

The  problem  of  the  strength  of  concrete  did  not  come  into  question  on  this 
occasion. 

CEMENT  USED  BY  THE  ENEMY. 

One  of  those  extraordinary  popular  outcries  against  the  export  of  Portland 
cement  to  Holland  was  based  on  the  possibility  that  British  Portland  ceuient 
had  been  used  in  enemy  "  pill  boxes." 

It  is  accordingh^  pleasant  to  be  able  to  relate  at  last  that,  after  some  months 
of  enquiry  by  a  Government  Committee,  the  facts,  well  known  to  anybody- 
intimately  conversant  with  the  Portland  cement  industr}'.  have  at  last  been 
broiight  out — nam.ely,  that  the  cement  labels  that  were  found  in  these  pill 
boxes  were  in  respect  of  a  Belgian  brand  of  Portland  cement  which  is  being 
produced  under  enemy  control  in  the  occupied  territory,  and  that  no  evidence 
whatever  exists  of  the  use  by  the  enemy  of  the  British  Product. 

It  is  also  interesting  to  observe  that  the  Committee  of  Enquiry  advocate 
that  this  country  should  export  Portland  cement  to  Holland,  where  this  material 
is  largely  required,  and  where  the  ill-advised  commentaries  on  the  matter  appear 
simply  to  have  resulted  in  the  enemy  being  able  to  exchange  one  of  their  own 
commodities— viz.,  Portland  cement — for  foodstuffs  from  Holland,  all  to  the 
detriment  of  the  Allies  in  general,  and  the  British  industry  in  particular. 

The  concluding  paragraph  of  the  Report  in  question  is  as  follows  : — "  The 
Committee  feel  bound  to  point  out  that  the  one-sided  publicity  which  has  un- 
fortunately been  given  to  the  subject  has  created  a  rather  widespread  impression, 
which  seems  to  have  been  shared  to  some  extent  by  our  troops  in  France,  that 
the  enemy  derives  assistance  from  the  export  of  British  cement  to  Hollan<l. 
The  Committee  hope  that  their  examination  of  the  question  and  the  conclusions 
which  they  have  reached  will  suffice  to  dispel  this  impression." 
224.  
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In  the  accompanying  article  ive  are  able  to  present  some  interesting  photographs  of 
recent  reinforced  concrete  'work  in  Spain,  including  some  additional  particulars  of  the 
development  of  concrete  shipbuilding  in  that  country.  For  our  particulars  and  illustrations 
tve  are  indebted  to  Mons.  J-  Capmany,  Chief  of  the  Technical  Bureau  of  the  Societd  Con- 
strucciones y  Pavimentos,  Barcelona.  From  the  Urge  number  of  photographs  sent  us  "a e 
present  those  most  likely  to  interest  our  readers. — ED. 


The  Sociedad  Anon.  Const ruccioncs  y  Pa\  imentos  of  Barcelona  and  Madrid  has 
recently  undertaken  the  development  of  reinforced  cx>ncrete  in  Spain 

in  igog,  when  Mr.  Capmany,  the  eng^ineer,  and  ^[r.  Juan  Miro  y  Trepat, 
the  managing-  director  of  this  company,  started  to  use  reinforced  concr'ete  at 
Barcelona,  the  only  example  of  such  work  in  Spain  was  a  starch  factory  built 
by  Mr.  Hennebique,  near  Barcelona,  and  some  works  in  the  nc-rtli  of  Spain 
g-enerally  built  by  the  State  engineers.  At  first  progress  was  very  slow,  but  by 
perseverance  in  pushing  the  advantages  of  reinforced  concrete  as  a  building 
material  the  firm  have  now  built  a  large  number  of  works,  many  of  which  arc 
of  considerable  importance.  At  the  moment  ordinarv  building  is  restricted  on 
account  of  the  war,  which  makes  itself  felt  even  in  neutral  countries.  There 
are,  however,  no  restrictions  in  building  works  of  great  importance. 

The  most  important  buildings  constructed  bv  this  firm  are  of  the  following 
types  :  — 

Electric  Poit'cr  (uul  l.i_i::htiii}:;  Station. — Several  electric  power  stations 
have  been  built.  Figs,  i  and  2  show  the  exterior  and  the  boiler  house  of  the 
Cataluna  Power  Station,  which  has  a  capacity  of  80,000  h.p.  and  supplies 
electricity  to  Barcelona.  The  dynamos  are  carried  at  a  depth  of  50  ft.  by  si>: 
pillars  of  reinforced  concrete,  and  produce  no  perceptible  vibrations,  even 
though  each  machine  has  a  capacity  of  80  h.p.  The  l>oiler  room  {Fig.  2)  is 
very  interesting,  with  its  coal  chutes  and  hoppers  supported  in  mid-air  in  the 
manner  shov\  n  in  the  illustration. 

The  Pier  [Fig.  3)  \r,  also  of  mterest  because  of  the  ditficulties  which  arc 
necessarily  encountered  when  building  in  the  open  sea.  The  fouiidalions  of  tlu 
central  pier  cx:cupy  an  area  of  alx)ut  66,000  sq.  ft.,  and  are  sunk  in  the  sand. 

Factories. — Among  the  numerous  factories  built  bv  this  firm  mav  be 
mentioned  a  flour  mill,  including  undergM-cund  granaries  for  wheat,  engineering 


REII^FORCED  CONCRETE  IN  SPAIN. 


[CQNCBETEJ 


Fig.  1,     A  Genepating  Station.at'Catallna. 


Fig.  2.      .V  Doilkr  House  at  Cataluna. 
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Fig.  3.     Reinforced  Concrete  Pier,  Catallna. 
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Fig.  4.  •  .A  Moior  Car  and  .\i-,koi'lane  Factory 
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In,    5.     Rkin'FOKikd  CoNtRKii;  Bridgk,   Pukrita. 


Fig.  6.      Ri  isroR'  kmkni    of  a  Sii.i. 
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workshops,  an  oil-engine  works,  a  cabinet  and  furniture  factory,  a  factory  for 
moto.-  cars  and  aeroplanes  (F/^'".  4),  which  covers  an  area  01  about  22,000  sq.  ft., 
and  a  cement  works. 

II  iircJioKsfs  and  (iniuii^cs  for  motor  cars  ha\e  been  built  in  several 
locabties. 

The  Public  Build  lugs  built  by  the  firm  include  a  larg'e  bank  at  Barcelona 
in  modern  Gothic  style;  the  Palace  Hotel,  Madrid,  in  the  French  Classic  style; 
and  the  mag-nificent  Hotel  Ritz,  now  in  course  of  construction  at  Barcelona. 

Briilo^cs. — .\mong  the  various  bridges  which  have  been  built  are  those  with 
straight  pillars,  those  with  continuous  pillars,  one  with  triangular  pillars,  and 
one  with  an  i6o-ft.  span  and  only  6i  in.  thick  at  the  centre  {Fig.  5)- 
At  present  the  firm  is  building  two  other  important  bridges. 


Fig.  7.     An  Hotk;    ikkcted  in  Reinforced  Concretf.. 

Private  B uihliiigs .-  -^ umcrous  blocks  of  houses,  hotels,  and  ciialets  have 
also  been  built  bv  the  firm  in  various  architectural  styles,  both  modern  and 
classical. 

Miscellaneous. — Among  many  other  structures  may  be  mentioned  water 
towers,  posts  for  electric  cables,  canals  for  the  water  used  to  drive  hydro- 
electric turbines  of  two  large  generating  stations  and  large  silos  {Fig.  (->)■  This 
firm  was  also  the  first  to  construct  concrete  vessels  in  Spain. 

There  seems  to  be  some  reason  to  believe  that  the  beautiiul  country  of 
.Spain,  with  its  abundant  water  power  and  richness  in  minerals  and  favourable 
climate,  is  making  progress  at  a  far  greater  rate  than  is  commonly  supposed, 
and  we  are  pleased  to  be  ;iblc  to  draw  our  readers'  attention  to  this  fact. 
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CONCRETE  VESSELS  IN  SPAIN. 

On  p  077  of  our  last  volume  we  referred  to  a  vessel  being  constructed  by 
Mr.  J.  Capmany.  the  engineer  in  the  Reinforced  Concrete  Department  of  the 
Sociedad    Anon.    Construcciones   y   Pavimentos,    and   through    the   courtesy   o. 


Fio.  8.    Reinforcement  of  Stern  of  Vessel. 


this  gentleman  we  are  now  able  to  publish  three  more  photographs  of  his  work. 
Fig.   9   shows  part   of   the   shuttering   used    for  the  f^rst   concrete  vessel   to  be 
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constructed  in  Spain ;  Fig.  8  and  Frontispiece  show  portions  of  the 
reinforcement. 

The  vessel  has  now  been  completed  and  has  a  length  of  113  ft.,  a  width  01 
J4  ft.,  a  depth  of  11  ft.  6  in.,  and  a  displacement  of  450  tons. 

Docks  capable  of  accommodating-  forty  ships  each  of  6,000  tons  displace- 
ment are  now-  being-  constructed  on  the  Mediterranean  coast,  near  Malgrat,  and 
the  construction  of  large  concrete  vessels  is  being  proceeded  with  as  rapidly  as 
possible. 


MEMORANDUM. 

The  Concrete  Sbip  "Faith." — In  our  March  issue  we  gave  some  details  of  the 
large  concrete  vessel  "  Faith,"  which  has  been  constructed  in  America,  and  in  our 
April  number  we  reproduced  the  cablegram  announcing  that  this  ship  had  been 
successfully  launched.  We  learn  that  the  launching  of  the  "  Faith  "  has  been  so 
successful  that  a  large  number  of  other  vessels  of  this  type  are  now  under  construc- 
tion.    Some  illustrations  of  the  completed  vessel  will  appear  in  our  next  issue. 

The  first  large  sea=going  reinforced  concrete  vessel  built  in  the  United 
Kingdom  has  recentlv  been  completed.  The  vessel  is  150  ft.  in  length  and  some  25  ft. 
broad,  has  a  displacement  of  900  tons  and  a  deadweight  carrying  capacity  of 
about  400  tons.  It  is  divided  by  four  watertight  bulkheads  which  are  practically  stone 
walls,  three  compartments  being  used  for  canning.  The  forward  compartment  is 
used  for  stores,  holds,  and  chain  lockers,  while  the  aft  compartment  contains  the 
crew's  quarters. 

Messrs.  J.  and  W.  Stewart,  of  42,  Albemarle  Street,  \V.  i,  ihe  wtll-known  concrete 
specialists,  are  responsible  for  this  vessel. 

In  our  next  issue  we  hope  to  be  able  to  give  some  illustrations  of  this  ship. 

Concrete  Shipbuilding  in  America.— The  United  States  Congress  is  to  be  asked 
b^i  850,000,000  for  the  development  of  concrete  shipbuilding.  It  is  intended  to  estab- 
]i>h  immediatelv  five  Government  yards  on  various  parts  of  the  coast. 
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Reinforced  Concrete  ReguUtions  have  recentlv  been  issued  for  the  city  of  Sydney,  NS.W., 
and  it  is  proposed  in  a  series  of  t^uoorthree.irticles  to  revieiv  these  regulations,  comparing 
them  "With  the  L.C.C-  regulations  on  this  subject.  Mr.  Marsh,  in  the  present  article,  deals 
primarily  "with  the  parts  luhich  are  similar  to  nur  o'U'n  L.  C. C.  regulations.  — ED. 


i'uKSH;  reyulalions  ap|)ear  generally  lo  be  based  upon  Ameriean  praciiee,  and  while 
in  some  respects  they  follow  almost  the  identical  wording  of  those  used  by  the  London 
County  Council,  they  depart  from  them  almost  entirely  where  dealing  with  the  design 
of  the  various  members.  The  various  equations  for  the  design  of  members  are  set 
out  in  an  appendix  and  not  in  the  bcxly  of  the  reguKations,  as  has  been  done  bv  the 
L.C.C. 

It  is  proposed  in  the  first  article  to  deal  s])ecially  with  the  paragraphs,  etc., 
which  are  the  same  or  similar  to  the  regulations  of  the  L.C.C. 

Part  I.  (General),  including  regulations  i  to  6  inclusive,  are  i'.lenlical  in  wording 
to  the  L.C.C.  regulations,  excepting  that  regulation  6  does  not  require  the  deposit 
of  a  copy  of  the  calculations  of  the  loads  and  stresses  to  b.'  i^rovided  for,  but  only 
calls  for  a  copy  of  the  statement  of  the  loads  to  be  ]jrovided   for. 

An  addition  also  appears  to  regulation  b  lo  the  effect  ih.at  jKimission  to  er<'ci 
any  reinforced  concrete  structure  does  not  in  .inv  manner  imp!\  the  acceptance  of 
the  work  or  responsibility  for  the  actual  construction,  and  that  the  suf^lciencv  of  any 
<iesign  shall  be  determined  in  accordance  with  the  method  set  out  in  the  regulnliuns 
;md  appendix. 

Part  II.  (Data  to  bs  used  for  the  purpose  of  the  regulations^  covers 
ine  remainder  of  the  regulations  affecting  reinf(Mced  concrete,  with  the  exception  of 
foundailions,  which  are  covered  bv  Part  IIL 

Regulations  7  to  35  are  in  almost  identical  wording  to  regulations  7  to  _v,  of 
the  L.C.C.  regulations. 

Regulation  ii  is  one  which  is  not  includetl  in  the  L.C.C.  regulations,  and  is 
to  the  effect  that  the  superimposed  load  for  which  the  floor  is  <lesigned  shall  be  con- 
spicuously displayed  on  each  floor  of  commercial  buildings. 

Regulation  23  provides  that  a  static  pressure  of  30  lb.  i)er  sc].  in.  mav  be  allowe<I 
on  external  walls,  and  is  the  same  as  regulation  130  of  the  L.C.C.;  but  there  apjwars 
to  be  some  confusion  as  to  this  provision,  since  un<^ler  regulation  1^7  a  static  ]>ressure 
of  only  20  lb.  jx'r  sq.  ft.  is  permitted  on  <'Xternal  walN. 

Regulation  7  provides,  in  addition  lo  the  wivrding  of  regulation  7  of  the  L.C.C, 
"  Partitions   not   more   than   4   in.    thick   are   to   be   calculated    as    follows  :  — 

"  The  tyi>e  of  partition  lo  be  used  having  been  decided,  its  weight  per  lineal  foot 
— taking  the  height  from  lloor  to  ceiling — 'being  then  <letermimHl,  it  is  (o  be  uni- 
formly distributed  over  the  floor  area  at  the  rate  of  one-seventh  of  the  weight  iJei" 
lineal  foot  of  partition  to  every  sq.  ft.  of  tloor  slab.  Partitions  over  4  in.  thick  are  tc 
be  .specially  provided  for.'' 
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In  Regulation  lo  the  floor  loads  permitted  vary  in  many  instances,  those  in  the 
Svdney  regulations  being  less  than  in  the  regulations  of  the  L.C.C.  The  compara- 
live  values  are  iriven   in   the  following  table  : — 


Equivalent  Dead  Load 
in  Lb.  per  Sq.  Ft. 


For  a  Floor  intended  to  be  used   for  the  purpose  of — 

Domestic  buildings  not  hereinafter  specified 

Otlier  similar  purposes 

Asylum    wards 

Common    lodging-house    bedrooms 

Hospital   wards 

Hotel   bedrooms 

Workhouse    wards 

Other   similar   purposes 

Counting    houses 

Offices  

(Jther   similar   purposes 

Art  galleries     ...  ...  ...  ...  ...  .-■  ■••  ■■•  •••\ 

Churches 

Chapels 

Class-rooms  in  school  buildings,  not  being  dwelling-houses  so  used 

Lecture    rooms 

Meeting  rooms  ...  ...  ...  •■•  •••  •••  ••■  •••] 

Music  halls       ...         ...         •••  .■         •••         •■•         •■•         ■••         ••• 

Public   assembly 

Public  concert   rooms 

Public   library   reading   rooms        ...  ...  ...  ...  ■-■  ■■■  ^ 

Retail  shops     ... 

Theatres  •••  

Workshops 

Other   similar   purposes         ...  ...  ...  .-•  •••  •••  •-• 

Ball    rooms      ...         ...         •••         •••         •••         •••         ■■•         •■•         •-■  | 

Drill  rooms       ...  ...  •■•  •••  ■■•  •••  ■•-  ■  ■•  ■■•  . 

Other   similar   purposes         ...  ...  ...  ...  .-•  ■-■  ■••  j 

Similar   floors   subject   to    vibration 

Book  stores  at  libraries        ...  ...  ...  •••  •••  •••  •••] 

Museoims  ...  ...  ...  ...  •••  •••  •••  -••  •••  I 

For  every  floor   ni   a  building  of   the   warehouse   class,   except  such  >■ 
floors  as  are  intended  to  be  used  for  any  of  the  purposes  aforesaid 
not    less   than  ...  ...  ...  ...  ...  ...  ...  •••' 

Flat    roofs         ...  ...  ...  ...  ...  ... 

Hardware,   machinery    and   paper   stores,    and    printeries 


S\  (Inev. 


lOO 

60 


L.C.C. 
70 

S-t 

100 
100 
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120 
300 


Regulation  13  varies  from  regulation  12  of  the  L.C.C.  in  that  the  weight  of 
snow  is  omitted,  and  the  suj^erimposed  loading  is  to  be  estimated  at  40  lb.  per  sq.  ft. 
on  the  vertical  plane  from  the  ridge  to  the  eaves,  instead  of  at  28  lb.  \w\-  sq.  ft.  of 
sloping  surface,  normal  to  such  sloping  surface,  as  defined  in  the  L.C.C.  regulations. 

FortA'  pounds  per  sq.  ft.  normal  to  the  vertical  plane  would  be  equivalent  to 
137  lb.  per  sq.  ft.  normal  to  a  plane  at  an  angle  of  20°  to  the  horizontal,  and  adding 
a  vertical  loading  for  snow  of  3  lb.  per  sq.  ft.  would  increase  the  13-7  ib.  per  sq.  ft. 
to  18-4  lb.  per  sq.  ft.  ;  40  lb.  per  sq.  ft.  normal  to  the  vertical  plane,  together  with 
3  lb.  per  sq.  ft.  normal  to  the  horizontal  plane,  would  be  equivalent  to  28  lb.  ])er 
.sq.  ft.  normal  to  a  plane  at  an  angle  of  37°  to  the  horizontal. 

It  is  hardly  necessary  to  point  out  that  the  Sydney  regulation  is  a  more  reasonable 
one  than  that  of  the  London  County  Council,  since,  although  the  wind  does  not 
necessarily  always  act  in  a  horizontal  direction,  it  certainly  does  not  always  act  in 
;i  direction  normal  to  the  >\o]w  of  a  roof,  while  the  snow  load  must  always  act 
vertically. 

Regulation  14  is  the  same  as  regulation  12  of  the  L.C.'V.,  making  a  loading  of 
36  lb.  per  super  ft.  obligatory  on  any  roof  sloping  at  a  lesser  angle  than  20°  to  the 
horizontal.  The  adoption  of  this  loading  for  a  horizontal  rcwf,  or  one  with  a  fall 
necessary  for  the  purposes  of  drainage,  is  justifiable,  since  such  a  roof  may  at  any 
time  be  subject  to  a  loading  duo  to  a  congregation  of  people,  and   it   is   very  seldom 
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if  ever   that   a   roof   is   desigiiecl    with   any    slope   between    a    slight    fall    for   drainage 
purposes  and  an  angle  of  20°  to  the  horizontal. 

Regulation  19,  like  regulation  18  of  the  L.C.C.,  does  not  state  to  what  plane 
the  angle  of  dispersion  of  45°  for  a  concentrated  load  may  extend  ;  but  it  is  believed 
that  the  intention  is  that  it  may  extend  to  the  plane  of  the  main  tensile  reinforcements. 

Regulation  20  is  the  same  as  regulation  19  of  the  L.C.C.,  and  provides  for  a 
rate  of  reduction  of  5  per  cent,  of  the  superimposed  loading  for  each  floor  from  the 
second  stor\'  from  the  top  of  a  building,  until  the  total  reduction  amounts  to  50  per 
cent.,  when  assessing  ihe  loading  on  rolumns  and  foundations.  It  is  a  nioot  point 
as  to  whether  this  rate  of  reduction  might  not  be  increased  to  10  per  cent.,  the  total 
reduction  remaining  50  per  cent. 

Regulation  29  is  the  same  as  the  L.C.C.  regulation  27,  and  provides  that  the 
ratio  of  the  span  of  a  beam  to  its  effective  depth  shall  not  exceed  the  lesser  of  the 
two  following  ratios  : — 

permissible   tensile    stress    on    the   reinforcement 
actual    maximum    tensile   stress   on    the   reinforcement 
or 

permissible  compressive  stress  on    the  concrete 
actual  maximum  compressive  stress  on  the  concrete " 

And  Regulatio)!  30  is  the  same  as  regulation  28  of  the  L.C.C,  and  provides  that 
the  length  of  a  cantilever  shall  not  exceed  five  times  the  effective  depth  at  the  bearing. 
It  will  be  noticed  that  in  the  case  of  a  beam  the  ratio  of  the  length  to  the  span 
is  not  to  exceed  20  when  it  is  loaded  in  such  a  manner  as  to  stress  the  reinforce- 
ment or  the  concrete  to  their  maximum  permissible  resistance,  but  that  the  ratio 
may  be  increased  as  the  loading  is  reduced. 

In  the  case  of  a  cantilever  no  increase  can  be  made  in  the  length  for  a  lighter 
loading  than  that  which  will  cause  the  maximum  permissible  resistances,  although 
there  can  be  no  reason  for  more  latitude  for  the  one  case  than  for  the  other. 

Regulation  33  is  the  same  as  regulation  31  of  the  L.C.C,  and  provides  that  the 
effective  span  of  a  continuous  beam  shall  be  taken  as  the  clear  span,  plus  the  effec- 
tive depth,  or  the  span  between  the  centres  of  the  necessary  bearing  surfaces,  which- 
ever may  be  the  lesser. 

This  regulation  has  an  important  bearing  on  the  design  of  continuous  beams. 
It  permits  a  considerable  reduction  of  the  bending  moment  over  wide  supports  of 
continuous  beams  or  slabs,  since  it  is  permissible  to  neglect  the  peak  of  the  bending 
moment  diagram  as  constructed  for  a  continuous  beam  or  slab  from  centre  to  centre 
of  supports. 

The  Sydney  regulations  have  omitted  an  important  proviso  upon  which  the 
granting  of  the  relief  given  under  regulation  33  depends.  This  proviso  is  enforced 
under  regulation  38  of  the  L.C.C,  which  provides  that  the  maximum  area  of  steel 
required  to  take  the  negative  bending  moment  at  any  support  shall  be  carried  without 
reduction   across  the  centre  of  that  support. 

Regulations  86,  87,  and  88  are  the  same  as  regulations  39,  40,  and  41  of  the 
L.C.C 

The  regulations  as  to  bending  moments  vary  in  many  res[>ects  from  tlie  L.C.C 
regulations.  Those  for  freely  supported  beams,  beams  v  ith  fixed  ends,  and  cantilevers, 
are  identical ;  while  those  for  continuous  beams  are  generallv  the  same  as  ihe  approxi- 
mate  values   given    in    the    L.C.C.   regulations,  excepting    that    the   constraint    of    the 

ends  is   provided    for  by    allowing    in    ordinary   cases     — —  ,    and    in    the  case  of   small 

16 

beams  running  into  columns  ^— -  . 
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A  parabolic  loading"  is  allowed  on  beams  supportinrt  .slabs,  and  formula;  are  given 
for  the  bending  moments  and  shears  for  this  form  of  loading.  The  regulations  with 
respect  to  working  stresses  follow  the  recommendations  of  the  final  report  of  the  special 
committee  on  concrete  and  reinforced  concrete  of  the  American  Society  of  Civil  Engineers, 
and  are  entirely  different  from  the  L.C.C.  regulations.  Eccentric  loading  on  columns 
and  combined  stresses  are  provided  for  under  regulation  6q  in  a  similar  manner  to 
regulations  44  and  45  of  the  L.C.C.  Connections  in  or  between  the  several  members 
of  a  structure  are  not  provided  for. 

Regulation  91  provides  that  where  the  main  reinforcing  bars  are  bent  up  to 
resist  shearing  stresses  the  maximum  radius  of  tne  bend  shall  be  fifteen  diameters, 
except  at  hooks — it  would  appear  that  in  this  case  "  the  maximum  radius  "  should 
be  "  the  minimum  radius."  It  would  have  been  advisable  to  have  included  a  regula- 
tion dealing  with  this  requirement  in  the  L.C.C.   regulations. 

Regulation  92  provides  that  all  hooked  ends  at  the  end  of  plain  reinforcing  bars, 
either  bent  up,  straight,  or  stirrups,  shall  be  bent  to  a  curvature  having  an  internal 
radius  of  two  and  a  half  times  the  diameter  of  the  bar  and  a  straight  termination  of 
a  length  equal  to  five  times  the  dian'ieter  of  the  bar,  except  where  approved  deformed 
bars  are  used,  when  a  3-in.  rectangular  bend  may  be  used. 

This  regulation  is  similar  to  regulations  48  (a)  (b)  and  (c)  of  the  L.C.C.  regula- 
tions, which  provide  that  hooked  ends  shall  have  an  internal  radius  of  twice  the 
diameter  of  the  bar  and  a  straight  termination  of  a  length  equal  to  four  timas 
the  diameter  of  the  bar,  and  that  if  the  anchorage  is  secured  by  other  means  than 
a  hook  it  shall  be  bent  to  a  right  angle,  the  width  across  the  anchorage  being  at 
least  three  times  the  normal  diameter  of  the  bar. 

The  regulations  with  respect  to  the  design  of  beams  and  columns  follow  the 
recommendations  of  the  final  report  of  the  special  committee  on  concrete  and  rein- 
forced concrete  of  the  American  Socieity  of  Civil  Engineers,  the  provision  as  to  joints 
in  the  longitudinal  reinforcement  to  columns  (regulation  70)  being  the  same  as 
regulations  no  and  in  of  the  L.C.C. 

The  regulations  with  regard  to  walls  are  unlike  the  L.C.C.  regulations.  They 
commence  with  regulation    133,   giving  definitions  of   the  various   types  of   wall. 

Regulation  134  provides  that  the  lateral  and  comnressive  stresses  shall  not  exceed 
the   safe   stresses   allowed   for   other   members    under   similar   conditions. 

Regulation  136  provides  as  to  openings,  and  differs  from  regulation  131  of  the 
L.C.C.  in  that  it  allows  of  openings  not  e.xceeding  three-quarters  the  whole  area  of 
the  wall  in  the  external  wall  of  any  storey  above  the  ground  storey ;  whereas 
regulation  131  of  the  L.C.C.  regulations  allows  openings  of  only  two-thirds  the  whole 
area  of  the  wall,  with  an  aggregate  width  not  exceeding  three-quarters  the  whole 
,  length   of   the    wall. 

Regulation  137  provides  that  external  walls  must  be  designed  to  resist  safely 
a  horizontal  pressure  equivalent  to  a  static  pressure  of  not  less  than  20  lb.  per 
sq.  ft.  on  either  side;  whereas  regulation  130  of  the  L.C.C.  [jermits  of  a  static 
pressure  of  at  least  30  lb.  per  sq.   ft. 

Regulation  142  provides  that  bearing  piers  between  openings  shall  be  capable 
of  bearing  the  entire  load,  and  shall  be  calculated  as  columns.  The  L.C.C.  regula- 
tions do  not  contain  any  such  proviso. 

Regulation  143  provides  that  all  mullions  under  14  in.  \\k\v  or  more  than  6  ft. 
high  bearing  a  load  shall  have  a  steel  core.  There  is  no  |)nnision  such  as  thi>  in 
the  L.C.C.   regulations. 

Regulation  148  provides  that  reinforced  concrete  curtain  walls  shall  be  at  least 
6  in.  thick,  but  where  the  area  between  adjacent  vertical  and  horizontal  framework 
exceeds  300  sq.   ft.   and   is   less   fhan  400  sq.    ft.    the   wall   shall  Ix^   not   less   than  S  in. 

2^> 


CHARLES  F.  MARSH.  [QQNCKETgl 

thick;   and  where  the  area  as  above  describetl  exceeds  400  sq.    ft.   th'^-   w.ill   shall   not 
be  less  than   12  in.  thick. 

Regulation  12b  of  the  L.C.C.  allows  curtain  walls  between  reinforced  concrete 
])iers,  beams,  arches,  etc.,  t(j  be  4  in.  thick,  provided  that  such  walls  be  designe<l 
and  constructwl  to  resist  any  loads  and  pressures  they  mav  liave  lo  carry;  while 
regulation  127  of  the  L.C.C.  provides  that  where  any  wall  or  part  of  a  wall  is 
intended  to  support  vertical  loads  or  lateral  pressures  it  shall  be  of  such  thickness 
as  may  be  necessary^  to  keep  the  stresses  within  the  prescribed  limits. 

It  will  be  .seen  that  the  Sydnev  regulations  with  respect  to  curtain  walls  varv 
considerably   from   tho.se  of  the  L.C.C. 

Regulation  149  provides  that  on  reinforced  concrete  w^alls  the  area  of  steel  rein- 
forcement shall  be  h  per  cent,  of  the  area  of  concrete,  one-half  being  place<i 
vertically  and  one-half  hori./ontallv  ;  and  regulation  150  provides  that  if  the  reinforce- 
ment is  spaced  more  than  14  in.  apart  additional  reinforcement  shall  be  wired  at 
intersections  and  that  the  reinforcements  shall  b;'  rigidly  connected  at  columns  and 
girders  to  the  reinforced  concrete  frame. 

The  L.C.C.  regulations  do  not  contain  any  provisions  similar  to  the  above, 
excepting  that  in  the  L.C.C.  regulation  i2<)  it  is  provided  that  all  walls  and  facing 
materials  shall  be  securely  connected  to  pillars,  beams,  floors,  and  other  contiguous 
parts. 

RcgiilatiiDi  152,  with  respect  to  hollow  blocks,  is  identical  in  every  respect  to 
regulation  ]2<S  (a)  (b)  (c)  (d)  and  (e),  but  there  is,  of  course,  no  proviso  such  as  con- 
tained in  the  last  paragraph  of  regulation   128  of  the  L.C.C. 

Regitlatioi  170  provides  that  the  pressure  on  concrete  in  foundations  must  not 
exceed  20  per  cent,  of  the  compressive  strength  of  the  standard  concrete  cylinder 
(8  in.  in  diameter  and  16  in.  long)  at  28  days;  whereas  regulation  137  of  the  L.C.C. 
]M-ovides  that  the  pressure  shall  not  exceed  12  tons  per  sq.   ft. 

The  bearing  pressures  of  natural  ground  are  dealt  with  under  regulation  171 
of  the  Sydney  bylaws  and  regulation  136  of  the.  L.C.C.  ;  the  resjx^ctive  values  are 
given   in   the  following  table  in  tons  per  sq.   ft.  : — 

Nature  of  Ground.  Sydnex .  L.C.C. 

Sound    sandstone    rock      ...  ...  ...  ...  ...  ...     20  — 

Sound    shale    rock  ...  ...  ...  ...  ...  ...       8  — 

Natural   compact   gravel    ...  ...  ...  ...  ...  ...       6  4 

Hard  cla\-  or  ordinary  compact  shale  ...  ...  ...  ...        4  — 

Confined  clay  or  confined  sand  or  mixed  clay  and  sand      ..2  — 

Soft  cla\-  or  wet  or  loose  sand    ...  ...  ...  ...  ...        i  i 

London  blue  clay  or  chalk  ...  ...  ...  ...  ...     —  4 

Ordinary  clay  or  confined  sand...  ...  ...  ...  ...     —  2 

Regulations  94  and  95  provide   for  the   thickness  of  protecting  coating,    which   is 
to   be   measured  from    the  outer   surface   of   the   concrete   to   the   outer  surface   of   the 
reinforcement,  and  be  not  h^ss  than  2   in.   for  columns,    i^  in.    for  beams,  and    i    in.- 
for   slabs.     It    is   also   jirovided    that   the   protecting   coating   shall    not   be   includetl    in 
calculations   for  strength. 

Xo  exceptions  are  ma<k-  to  the  latter  proviso,  but  it  is  probable  that  the  covering 
to  compression  bars  would  be  allowed  to  be  include<l  in  the  concrete  resisting  com- 
pressive   stresses    in    beams    and    slabs. 

Regidalions  138  to  143  of  the  L.C.C.  provide  for  protective  coverings.  L'nder 
these  regulations  the  covering  beyond  anchorexl  ends  bent  at  right  angles  is  not  to  be 
less  than  2  in.,  or  than  twice  the  nonnal  diameter  of  the  bar. 

The  cover  for  bars  in  columns  is  not  to  be  less  than  1^  in.,  or  than  the  <liameter 
of  the  bar. 

The  cover  for  bars  in  beams  is  not  to  be  less  than  1  in.,  or  than  the  diameter  of 
the  bar. 

The   cover   for   bars   in   slabs   is   not   to  be   less   than   h   in.,   or   than   the  diameter 
of  the  bar. 
2, ,6 


i»,cONJ>VKijl'i1oi53[n 


REINFORCED  CONCRETE  REGULATIONS. 


I 


The  cover  for  bars  in  ither  ineinbers  is  not  to  be  less  than  i  in.,  or  than  the 
diameter  of  the  bar. 

L.C.C.  regulations  qq,  113.  and  121  g^overn  the  area  of  concrete  in  columns  or 
struts  which  is  to  be  allowed  when  calculatint;  the  stresses,  and  provide  that  the 
protective   coverinig   is   not   to   be   included   in    this   area. 

The  Sydney  regulations  with  respect  to  materials  differ  widely  from  those  of 
the  L.C.C,  and  the  two  cannot  be  compared. 

Regulations    115    to    120   deal    with    formwork    or    centering. 

Regtdatii'ns  115,  116,  117,  118,  and  119  of  the  Sydney  regulations  are  the  same 
n>  the  L.C.C.  regulations  173,  174,  175.  176,  and  177  respectively,  excepting  that 
regulation  iiS  of  the  Sydney  bylaws  varies  from  176  of  the  L.C.C.  in  that  it  provides 
that  all  struts  shall  be  wedged  with  folding  wedges,  that  the  centering  for  walls 
may  be  removed  as  soon  as  it  can  be  stripped  without  injury  to  the  concrete,  but 
in  not  less  than  24  hours  after  pouring  of  the  concrete,  and  that  the  centering  for 
floor  slab  soffits  and  beams  and  column  sides  may  be  removed  in  not  less  than 
seven  days  after  concreting,  or  not  less  than  one  day  per  ft.  span  of  the  slabs,  which- 
ever is  greater;  that  the  centering  for  beam  sofTits  shall  remain  in  position  not  les> 
than  28  days  after  concreting.  It  also  provides  that  all  centering  shall  be  carefully 
hosed  off  and  sawdust  and  shavings  removed  immediately  prior  to  concreting;  and 
that  all  column  moulds  shall  be  constructed  with  the  bottom  board  on  one  side 
removable,  so  that  it  may  be  seen  that  the  column  box  is  cleaned  out  before  anv 
concrete   is    placed    on    the   column. 

Regulation  120  provides  that  the  forms  shall  be  of  Miund  pine  or  other  suitable 
timber,  framed  in  such  a  manner  as  to  prevent  leakage. 

In  the  S3^dney  regulations  the  methods  of  caJculation  are  placed  in  an  appendix, 
and  not  in  the  body  of  the  regulations,  as  is  the  case  in  the  L.C.C.  bylaws. 

Calculations  are  included  for  shear,  bond,  and  web  reinforceinent,  doubly  rein- 
forced rectangular  and  tee  beams,  and  for  columns  under  direct  compression  and 
bending  combined,  none  of  which  are  specially  provider!  for  under  the  L.C.C. 
regulations. 

The  breadth  of  the  flange  allowed  when  calculating  the  resistance  of  T  beams 
is  to  be  not  more  than  one-fourth  the  effective  span,  and  the  width  of  overhang  on 
either  side  of  the  web  is  not  to  exceed  six  times  the  thickness  of  the  slab.  Tliese 
provisions  follow  the  recommendations  of  the  special  committee  on  concrete  and 
reinforced  concrete  of  the  American  Society  of  Civil  Engineers. 

The  L.C.C.  regulation  82  allows  not  more  than  one-fourth  of  the  effective  span, 
the  distance  between  the  centres  of  the  ribs,  or  twelve  times  the  thickness  of  the 
slab,  whichever  is  least. 

L.C.C.  regulation  83  provides  for  the  flange  width  ol  ell  beams,  which  are  not 
provided  for  under  the  Sydney  bylaws. 

L.C.C.  regulation  84  provides  that  the  minimum  brerwlth  of  the  rib  shall  not  be 
less  than  one-third  the  depth  of  the  rib  below  the  slab.  The  Sydney  bylawsi  make 
no  ruling  on  this  point,  and  such  a  provision  is  really  unnecessary,  since  the  jjroper 
spacing  of  the  longitudinal  bars  and  th<'  provision  against  diagonal  tension  will 
ensure  a  pro|)er  width   for  the   rib. 

L.C.C.  regulation  86  provides  that  the  reinforcement  of  the  slab  transverse  to 
the  beam  must  cross  the  full  breadth  of  the  jjortion  of  the  slab  forming  the  flange. 
The  Sj-dney  regulations  provide  for  tfiis  by  stating  that  when  the  principal  slab  re- 
inforcement is  parallel  to  the  beam  transverse  reinforcement  should  be  used,  ex- 
tending over  the  beam  and  well  into  the  slab. 

It  is  believed  that  all  points  v)f  similarity  between  llie  Sydney  regulations  and 
those  of  the  L.C.C.  have  been  dealt  with  in  tliis  article.  It  is  proposed  to  give  a 
further  article  dealing  with   the  retiulatioii-.   with   respect  to  materials   and  design. 
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A  particularly  interesting  example  of  the  application  of 
reinforced  concrete  for  coal  and  coke  bunkers  are  the 
Lunkers  erected  at  Luion  for  the  Luton  Gas  Co.,  of  "which 
•we  gi've  a  feiv  particulars  telcw.  — ED^ 


The  accompanying  illustration  shows  the  coke  bunkers,  calculated  to  contain 
approximately  loo  tons  of  coke,  recently  erected  for  the  Luton  Gas  Company  on 
the  Coignet  system,  in  accordance  with  the  general  plans  and  requirements  of 
Mr.  W.  Philhps,  Jun.,  the  engineer  and  assistant  general  manager  to  the  gas 
company.  This  work  was  urgently  required  in  order  to  rapidly  dispose  of  the 
coke  and  also  to  economise  the  labour  in  handling  same. 


Coal  and  Coke  Binkers  eor  the  Luton  Gas  Compaxv. 


The  bunkers  are  fitted  with  a  specially  designed  screen,  with  shding  doors 
and  levers  to  facilitate  the  sacking  operation,  which  is  carried  out  on  a  special 
platfonn  at  a  convenient  level  to  enable  the  sacks  to  be  easily  placed  into  the 
carts.     One  of  the  bavs  is  left  open  and  has  no  platfomi  in  order  to  enable  carts 
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to  be  tilled  directly  from  the  hoppers.     A  gangway  has  been  provided  manning  on 
the  top  of  the  bunkers  to  enable  trucks  to  be  discharged  from  this  higher  level. 
The  trucks  are  first  wheeled  from  the  retort  house  into  an  hydrauHc  lift,  which 
takes  them  up  to  the  level  of  the  top  of  the  bunkers.     They  are  thence  pushed 
along  a  gangway  which  leads  to  the  top  of  the  bunkers.     Removable  handrails 
have  been  provided  for  to  prevent  the  men  from  accidentally  falling  into  the 
bunkers. 

The  general  dimensions  of  the  structure  are  as  follows  : — 

Ft.  In. 
Length,  approximately     ...         ...         ...         ...         ...     48     6 

Width,  approximately       ...         ...         ...         ...         ...     22     o 

Total   height    from    the    underside    of    the    reinforced 

concrete  footings        ...  ...  ...  ...  ...     30     o 

The  panels  of  the  hoppers  are  7  in.  thick.  The  panels  of  the  walls  4  in.  thick. 
Rormd  steel  bars  were  used  exclusively  for  the  whole  of  the  reinforcement,  and 
the  concrete  was  made  with  a  mixture  of  i,  2,  4. 

The  bunkers  were  tested  with  a  full  load  of  coke  about  two  months  after  the 
completion  of  the  work  with  satisfactory^  results. 

The  detailed  drawings  and  the  supervasion  of  the  work  were  carried  out  by 
Messrs.  Edmond  Coignet,  Ltd.,  the  well-known  reinforced  concrete  specialists  of 
20  Victoria  Street,  Westminster,  and  the  work  was  executed  by  Mr.  T.  Watson,  of 
London,  licensee  of  the  above  svstem. 


MEMORANDA. 

Concrete  Tanks  for  Photographic  Solutions. — In  a  recent  issue  of  Concrete, 
U.S.A.,  Mr.  Cloyd  M.  Chapman  discusses  the  possibiUty  of  using  concrete  tanks  for 
photographic  solutions,  and  states  that  such  tanks  are  entirely  practical,  serviceable 
and  satisfactor\'.  They  may  be  constructed  in  the  same  way  as  tanks  of  similar 
size  for  water.  They  may  be  thin  in  section,  reinforced  with  wire  mesh  or  expanded 
metal,  made  smooth  on  the  inside  and  outside  with  mortar,  and  kept  moist  until 
thoroughly  hardened.  They  should  then  be  coated  both  inside  and  outside  with 
two  or  more  coats  of  a  bituminous  base,  water  and  acid  proof  paint.  Concrete  without 
such  a  coating  will  not  withstand  the  action  of  the  acids,  alkalies  and  salts  used  in 
phoLographic  solutions.  But  with  a  coating  as  above  indicated  concrete  tanks  or 
trays  will  give  complete  satisfaction  in  the  photographic  laborator\'. 

According  to  information  received  by  the  editors  of  the  journal  from  which  we 
quote  :  "  The  Eastman  Kodak  Co.,  of  Rochester,  report  the  satisfactory  use  of 
concrete  tanks  for  photographic  solutions.  They  made  their  tanks  of  a  rich  mortar 
containing  waterproofing  on  |-in.  galvanized  wire  mesh  ;  they  were  finished  smooth 
inside,  lined  with  waterproof  paper,  and  then  coated  with  asphalt  paint."  The 
experience  of  other  firms  is  also  given. 

Reinforced  Concrete  for  a  Church  in  Derbyshire. — The  question  of  a  new  parish 
church  for  Swadlincote  was  recently  discussed.  A  statement  of  the  condition  of 
the  present  structure  showed  that  it  would  be  undesirable  to  expend  a  large  sum 
on  renovations.  The  opinion  was  expressed  that  it  would  be  wiser  to  erect  a  rein- 
forced concrete  church  outside  the  walls  of  the  present  edifice.  Although  the 
proposal  will  not  be  acted  upon  at  the  moment,  the  scheme  %vill  probably  be  adopted 
eventually. 
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ON  THE  DESIGN  AND  CONSTRUCTION  OF  SELF-PROPELLED 

REINFORCED    CONCRETE    SEA-GOING    CARGO    STEAMERS, 

NOW  BUILDING  IN  GREAT  BRITAIN. 

By  T.  G.  OWENS  THURSTON. 

In  continuation  of  the  Papers  read  at  the  Institution  of  Naval  Architects  on  concrete 
Shipbuilding  tve  noiv  reproduce  the  interesting  contrihuiion  made  by  Mr.  T.  G.  Owens 
Thurston.  Several  valuable  plates  illustrating  the  ^vessels  under  constru:tion  at  Barroiu 
accompanied  the  Paper.     These,  oiving  to  lack  of  space,  ive  are  unable  to  reproduce. — ED. 


For  years  past  one  has  heard  of  the  construction  of  small  vessels  or  barges  of  reinforced 
concrete,  but  these  were  never  of  sufficient  size  or  importance  to  warrant  closer 
investigation,  and  the  whole  subject  appeared  to  be  one  that  could  safely  be  ignored 
so  far  as  ocean-going  ships  were  concerned. 

The  enormous  losses  of  cargo-carrying  ships  during  the  war,  coupled  with  the 
great  scarcity  of  steel  for  shipbuilding  on  account  of  its  diversion  to  other  uses,  have 
made  shipbuilders  endeavour  to  find  some  other  material  to  replace  steel  for  ship 
construction,  even  if  only  as  a  temporar\^  measure  ;  in  this  particular  direction 
shipowners  have  perhaps  been  really  more  progressive  in  their  ideas  than  the  ship- 
builders. It  was  largely  owing  to  shipowning  friends  of  mine,  who  recognised  tlie 
disastrous  effect  which  the  immense  losses  of  mercantile  tonnage  would  eventually 
have  on  the  country-,  that  steps  were  taken  which  led  to  the  inception  of  the  design 
and  construction  of  the  ships  forming  the  subject  of  this  paper.  Without  knowing 
anything  as  to  the  merits  of  reinforced  concrete  for  shipbuilding  purposes,  they 
considered  that  if  small  craft  had  already  been  built  with  such  material  it  was  worth 
a  trial,  under  present  conditions,  in  larger  ones,  and  after  much  consideration  and 
investigation  of  the  work  previously  done  in  this  direction  the  author  finally  agreed 
with  them. 

The  possibility  of  building  wooden  ships  to  make  up  for  the  scarcity  of  steel 
ships  had  been  carefully  considered,  but  it  was  found  that,  although  the  timber  supplies 
in  certain  countries  were  adequate  for  the  purpose,  a  long  time  must  elapse  before 
green  timber  would  be  sufficiently  seasoned  to  allow  of  its  efficient  use  in  ships'  hulls, 
although  in  many  cases  such  tiinber  has  been  used,  and  has  pro\-ed  more  or  less  satis- 
factory for  a  limited  time.  In  addition  to  this  the  problem  of  skilled  labour  would 
have  been  accentuated  rather  than  relieved,  as  it  was  a  practical  impossibihty  to 
get  a  sufficient  number  of  men  skilled  in  wooden  shipbuilding  to  allow  of  construction 
except  on  a  ver^'^  moderate  scale.  These  and  other  considerations  led  us  to  abandon 
the  idea  of  wooden  shipbuilding  as  an  efficient  substitute  under  the  present  urgent 
circumstances  in  favour  of  reinforced  concrete,  the  latter  being  a  material  which 
if  successful  would  at  once  allow  a  large  addition  to  be  made  to    the  present  output 
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of  cargo-carr\-ing  tonnage.  Moreover,  the  system  of  construction  calls  for  a  minimum 
amount  of  steel  and  a  minimum  amount  of  skilled  labour.  Such  construction  also 
reduces  capital  expenditure  on  yard  plant,  as  it  is  much  less  costly  than  ordinary 
shipyard  plant  and  requires  less  skilled  attention.  Another  point  in  favour  of  rein- 
forced concrete  construction  is  that,  compared  with  ordinary  shipyard  labour,  there  is 
not  so  great  a  variety  of  trades  involved.  For  example,  the  same  men  who  at  a 
later  date  are  employed  on  casting  the  hull  are  in  the  initial  stages  utihsed  in  casting 
and  lapng  concrete  blocks  and  in  making  reinforced  concrete  piles  for  the  building 
berths  and  other  necessary  preUminar^^  work,  for  which  this  material  can  be  used 
extensively  instead  of  timber  or  steel,  both  of  which  require  skilled  labour  of  different 
trades. 

Although  the  suitability  of  reinforced  concrete  under  present  abnormal  conditions 
and  on  economical  considerations  was  apparent,  its  acceptability^  for  ship  construction 
had  to  be  investigated  from  the  naval  architect's  point  of  view.  With  this  object 
in  view,  we  decided  to  design  a  sea-going  cargo  vessel  of  reasonably  large  dimensions, 
to  assure  ourselves  that  such  a  vessel,  constructed  of  reinforced  concrete,  would 
satisfy  conditions  of  strength,  seaworthiness,  deadweight  capacity,  etc.  The  diffi- 
culties in  the  preparation  of  the  design  proved  much  greater  than  was  anticipated, 
for  whilst  we,  as  shipbuilders,  could  prepare  and  supply  the  particulars  and  drawings 
of  the  vessel  and  approximate  to  the  maximum  stresses  coming  on  the  various  members, 
we  had  no  practical  experience  of  the  construction  of  the  reinforced  concrete  part  of 
the  hull,  so  that  it  became  necessary  to  work  in  conjunction  with  a  reUable  firm  of 
reinforced  concrete  engineers,  who  would  carry  out  this  part  of  the  design,  basing  it 
on  work  actually  done.  This  association  of  shipbuilders  and  reinforced  concrete 
engineers  has  proved  mutually  satisfactory  and  advantageous,  and  each  party  found 
that  it  had  something  to  learn  from  the  other  with  respect  to  shipbuilding  of  this 
type. 

It  was  eventually  decided  that  a  self-propelled  cargo  vessel  of  about  1,150  tons 
deadweight  was  as  large  as  we  were  justified  in  commencing  as  a  first  venture.  It 
was  agreed  that  the  vessel  should  comply  with  all  the  requirements  obtaining  for 
steel  vessels,  and  the  general  scheme  was  based  upon  that  of  a  similar  ship  constructed 
of  steel.  The  dimensions,  for  reasons  which  occurred  in  preparing  the  design,  differed 
from  those  of  a  steel  ship  of  the  same  deadweight  carrying  capacity,  especially  in 
length.     The  dimensions  and  other  particulars  finally  decided  upon  were  as  follows  : — 

Length  between  perpendiculars...  ...  ...  ...  ...  205  ft. 

Breadth  moulded...  ...  ...  ...  ...  ...  ...       32  ft. 

Depth  moulded     ...  ...  ...  ...  ...  ...  ...        19  ft.  6  in. 

Draught  when  loaded       ...  ...  ...  ...  ...  ...        15  ft.  6  in. 

I.H.P.  (about)       400 

Speed  (about)        ...  ...  ...  ...  ...  ...  ...  7f    knots. 

The  various  arrangement  drawings  were  prepared  and  scantlings  arranged  in 
accordance  with  Lloyd's  Rules  for  Steel  Ships.  Using  these  scantUngs,  a  list  was 
made  up  of  the  calculated  section  moduli  of  the  various  members.  Upon  these 
particulars  the  engineers  prepared  constructional  sections,  on  the  Hennebique  principle 
of  "  equivalent  strength,"  which  were  adopted  as  a  basis  for  calculation  of  weights,  etc. 

The  design  was  then  carefully  reconsidered  and  calculations  made  as  far  as  possible 
for  the  stresses  which  the  vessel  would  be  subjected  to,  both  longitudinally  and 
transversely,  under  all  reasonable  conditions  of  construction,  launching,  and  service. 

One  of  the  first  things  obser\-ed  in  the  case  of  the  reinforced  concrete  hull  was  that 
the  centre  of  gravit\^  of  the  structural  material  worked  out  much  lower  than  in  the 
case  of  a  steel  hull,  "the  result  being  a  greater  metacentric  height  than  was  desirable. 
To  minimise  this  the  original  beam  of  34  ft.  was  reduced  to  32  ft.;  and  in  order  to  obtain 
the  same  hold  capacity  the  depth  was  increased  from  the  original  17  ft.  6  in.,  to  19  ft. 
6  in.,  fortunately,  from  the  point  of  view  of  longitudinal  strength,  a  modification 
in  the  right  direction. 

Longitudinal  Strength. — In  calculating  longitudinal  stresses  the  vessel  was  first 
of  all  assumed  to  be  in  still  water  with  the  holds  loaded  uniformly  to  the  full-load 
condition,  giving  a  displacement  of  2,350  tons.  In  this  condition  the  maximum 
bending  moment  worked  out  at  about  4,100  foot- tons.     For  hogging  stresses  the  vessel 
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was  taken  as  being  in  the  same  load  condition  and  on  the  crest  of  a  trochoidal  wave 

of  length  equal  to  the  length  B.P.  of  vessel,  and   height  equal  to  — _°   -,  giving  a 
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maximum  shearing  force  of  180  tons  and  a  maximum  bending  moment  of  10,000 

foot-tons. 

In  the  sagging  condition  the  vessel  was  much  more  se\erely  loaded,  three-fifths 
of  the  cargo  being  placed  in  the  middle  of  the  hold  space  and  one-fifth  at  each  end 
respective!}',  resulting  in  a  maximum  shearing  force  of  180  tons  and  a  maximum 
bending  moment  of  7,000  foot-tons. 

In  the  case  of  launching,  the  maximum  shearing  force  reached  as  high  as  220  tons, 
with  a  maximum  bending  moment  of  10,000  foot-tons.  A  generous  margin  was 
allowed  over  these  figures,  and  the  vessel  was  designed  to  stand  the  stresses  correspond- 
ing to  the  following  : — 

„       .                     ,                           Displacement  x  length  ,     ^  ^ 

Hoggmg  moment      ...  ...     — 2 — =13,500  foot-tons 

35 

e       •  .  Displacement  x  length  ,     ^  ^ 

Sagging  moment       ...  ...        — ^ 2 —  =  10,000  foot-tons 

48 

c.,        •       r  Displacement 

Shearmg  force  ...  ... ^^ — =  240  tons 

g-8 

the  structural  material  being  arranged  so  that  the  tensile  stress  on  the  reinforcement, 

taking  account  of  all  local  stresses,  never  exceeded  9  tons  per  sq.  in.,  and  the  maximum 

compressive  stress  on  the  concrete  750  lb.  per  sq.  in. 

Transverse  Strength. — In  calculating  transverse  strength  the  transverse  framing 
was  analysed  in  order  to  ascertain  the  maximum  bending  moment  to  be  resisted  by 
the  floors,  frames,  and  beams  under  the  various  systems  of  loading  to  be  met  with 
in  service. 

The  conditions  assumed,  for  which  calculations  were  m.ade,  are  as  follows  : — 

(i)  Vessel,  without  pillars,  loaded  to  deep  draught  in  still  water.  Cargo  load  in 
hold  and  on  deck. 

(la)  Vessel,  with  two  pillars  fitted,  one  at  each  side  of  hatch  opening,  loaded  to 
deep  draught  in  still  water  as  in  condition  (i). 

(2)  Vessel,  with  two  pillars  fitted,  loaded  as  in  (i),  and  situated  on  wave  crest, 
with  no  cargo  on  floor  girder. 

(3)  Vessel,  \\dth  two  pillars  fitted,  loaded  and  situated  in  wave  hollow  with  full 
cargo,  load  centrally  placed  below  hatches  and  no  deck  cargo. 

(4)  Vessel,  with  two  pillars  fitted,  in  light  condition,  in  dr\^  dock,  docked  on 
centre  keel. 

The  calculations  were  investigated  on  the  "  principle  of  least  work,"  taking  the 
reinforced  framing  as  monolithic. 

In  the  moment  as  calculated  there  have  been  taken  into  account  the  stresses  in 
the  framing  where  only  a  partial  support  is  leceived  from  the  pillaring  through  the 
medium  of  longitudinal  girders  spanning  between  the  transverse  frames.  The  scant- 
lings of  the  framing  have  been  proportioned  to  the  more  severe  conditions  met  with 
at  the  centre  of  floor  girders,  bilge,  side  frame,  deck  comer,  and  beam. 

It  may  be  observed  that  if  the  floor  girder  is  designed  to  resist  the  bending 
moment  in  condition  (2),  it  is  also  strong  enough  to  meet  the  docking  condition  in 
condition  (4),  where  the  bending  moment  is  about  two-thirds  that  of  condition  (2). 
In  condition  (3)  the  bending  moment  is  reversed  in  direction  and  the  floor  tends  to 
deflect  downwards,  caused  by  a  bending  moment  approximatelv  two-thirds  of  that 
causing  the  upward  deflection  in  condition  (2). 

To  pro\dde  an  estimate  of  the  bending  moment  to  be  allowed  for  in  the  first 
instance,  the  framing  was  treated  as  a  continuous  girder,  and  the  free  bending  moment 
calculated  for  the  several  spans. 

These  were  plotted  on  a  straight  base  representing  the  neutral  axis  of  the  framing 
and  the  theoretical  fixing  moment  lines  drawn  ;  at  the  points  of  junction  between 
the  floors,  frames — where  the  amounts  of  the  fixing  moments  varied — and  beams, 

thedifferenceinbendingmomentwasproportioned  to  the  expression  ~-  of  the  member 

on  each  side  of  the  joint. 
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Neutral  axis  above  base 

_„-B,  ■^/+2m(A,  .  ^,+A,  ■^)_36x4^+2xi5(4-i6x2-7+3-83X33-5)_        jj^ 
2{B,.d,+m(:\+At)\  2  {36x4 +15(4-16 +3-85)} 

JMoment  of  inertia 

3  3  3  3 

(9-1 -27)2  =  44,304  in.* 

Frame  spacing  =  3  ft. 

I  per  foot  of  spacing=iii^— 2  =  14,768  in.* 
3 

I,  per  foot  of  spacing  =  ^iiZ —  =985  in.*  for  steel  reinforcement. 
13 

Moment  of  resistance  for  steel=M.R.s.  =  — ;i_  =  — z_^ =_|.o-37    in.*     With    B.M. 

d  —  n     33-5  —9-1     q£  ^q  ton-ft.,  max.  stress 
=  9  tons  per  sq.  in. 

Momentof  resistance  for  concrete =M.r.c.=_  =  ^-iZ — .=  1,623  i^-' 

n        9-1 

Basis  for  Strength  Calculation. — As  a  basis  for  calculation  of  strength,  the  following 
were  adopted  as  working  limits  for  safe  stresses  on  concrete  and  steel  : — 


Item. 
Compression  in  beams 
Compression  direct 
Shear 

Adhesion 


Concrete. 

Working  Stress,  lb.  per  sq.  in.      Ultimate  Stress,  lb.  per  sq.  in. 
750  4,000 


700 

70 

(  60 

1 100 


4,000 
280 
240 
500 


Working  Stress. 

Elastic  Limit. 

Ultimate  Stress 

9  tons,  sq.  in. 

23^  tons,  sq.  in. 

30-36  tons. 

74     „         „ 

15 

27-30    „ 

7i     „ 

15 

27-30    „ 

5i     „ 

24    ,, 

Steel. 

Item. 
Tension,  spiral  bars 
Tension,  plain  bars 
Compression 
Shear 

The  vessels  are  in  course  of  construction  at  Barrow-in-Furness,  and  the  sand 
and  aggregate  found  localh'-  have  proved  most  satisf acton,'  for  a  concrete  mixture 
suitable  for  shipbuilding. 

The  concrete  adopted  is  formed  of  a  rich  mixture  of  i  part  cement,  1-2  parts 
sand,  cind  2-4  parts  granite  aggregate  (by  volume). 

The  cement  used  weighs  84  lb.  per  cu.  ft.  The  sand  used  is  of  a  coarse  nature, 
having  the  following  sieve  test  : — 

Remaining  Percentage 
on  Sieve. 
100  X  100  per  in.    ...  ...  ...  ...     100  per  cent. 

50  X   5" 6r 

20  X   20     ,,  ...  ...  ...  ...       14 

The  aggregate  used  consists  of  granite  chippings  from  f  in.  downwards,  weighing 
92'5  lb.  per  cu.  foot. 

The  proportionate  amounts  of  cement,  sand,  and  aggregate  to  form  27  cu.  ft.  or 
I  cu.  yd.  of  concrete  are  : — 

9  cu.  ft.  cement,  10-74  cu.  ft.  sand,  21-47  cu.  ft.  aggregate=i  cu.  yd. 
=  757  lb.  cement  +  1,192  lb.  sand -(-1,986  lb.  aggregate  =  3, 935  lb. 
=  •34  ton  cement -I--53   ton  sand-l--89  ton  aggregate  =  1-76  tons. 

Add  to  this  -05  ton  water=i-8i  tons  percu.  yd. 

of  concrete. 
2  +  3 


Mesh  of  Sieve. 


Reinforced 

Concrete. 

Steel. 

Wood. 

205  ft.  0  in. 

188  ft.  0  in. 

205  ft.  0  in. 

32  „  0  „ 

30  „    3  „ 

3fi  „   0  „ 

19  ,.  6  „ 

17  „    3  „ 

18  „    q  „ 

15  „  6  „ 

14  „    6  ,, 

16  „    6  „  * 

1,150  tons 

1,150  tons 

1,150  tons 

2,3.50    „ 

1,800    „ 

2,400    ,, 

400 

400 
Wfights. 

400 

Reinforced 

Concrete. 

Steel. 

Wood. 

1 00  tons 

445  tons 

140  tons 

860    „ 

80    „ 

•q6o    ,, 

80    „ 

80    „ 

'80    „ 

70    „ 

•15    „ 

70    „ 

1,150    „ 

1. 150    „ 
1,800  tons 

1,150    ,, 

2,^  =  0  tons 

2,400  tons 
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For  estimating  purposes  i  ton  of  concrete  contains  -57  cu.  yd.  =  15-4  cu.  ft.  ; 
or  -192  ton  cement,  '300  ton  sand,  and  -508  ton  granite. 

Machine  mixing  of  concrete  is  preferable  to  hand  mixing,  inasmuch  as  a  standard 
and  invariable  mixture  may  be  obtained,  due  to  the  use  of  automatic  devices  for  the 
measurement  of  the  various  ingredients  as  well  as  of  measurement  of  the  time  of 
mixing. 

Particulars  and  Description  of  Hull. — The  following  tables  give  particulars  of 
three  midship  sections  respectively  for  the  reinforced  concrete,  a  steel  and  a  wooden 
ship,  each  designed  for  a  deadweight  carr^dng  capacity  of  1,150  tons  : — 


Length     ... 

Breadth 

Depth      

Draught  ... 
Deadweight 
Displacement  (load) 
I.H.P.  (about)    ... 


Steel  in  hull  t  -•• 
Remainder  of  hull 
Machinery  and  boilers  .. 

Outfit  J  ; 

Deadweight 

Load  displacement 

*  Includes  12  in.  wood  keel. 

t  Includes  hull  castings  and  forgings. 

t  Includes  anchors,  cables,  boats,  auxiliar\'  machinery,  otc. 

It  will  be  noticed  that  the  weight  of  steel  in  the  reinforced  concrete  ship 
is  about  42 i  per  cent,  of  that  in  the  steel  ship.  This  is  not  by  any  means 
such  a  large  reduction  as  some  writers  on  reinforced  concrete  ship  construction 
have  anticipated,  nor  is  it  probably  the  minimum  quantity  which  we  could 
have  adopted  had  we  been  prepared  to  incur  a  certain  amount  of  risk  in 
structural  strength.  In  view,  however,  of  this  being  our  first  venture  in  a  new 
method  of  construction,  we  did  not  feel  justified  in  reducing  the  strength  until 
we  had  ascertained  from  experience  how  a  ship  constructed  on  this  principle  would 
act  under  ordinary  conditions  of  servdce.  One  reason  was  that,  should  the  vessel 
prove  weak,  it  would  be  a  matter  of  the  utmost  difficulty  to  introduce  additional 
stiffening  and  strength.  A  second  and  even  more  potent  reason  was  that  we  were 
not  justified  in  risking  the  safet>'  of  the  ship  or  the  hves  of  the  men  who  might  navigate 
her,  for  the  purpose  of  endeavouring  in  the  first  ship  to  reduce  the  quantity^  of  steel 
that  might  be  used  to  the  minimum.  Actual  sei-\dce  Avill  perhaps  give  an  indication 
where  weight  may  be  saved,  either  in  the  steel  or  concrete  of  the  hull  ;  and  that 
such  saving  will  ultimately  be  effected,  even  with  identical  methods  of  construction, 
we  confidently  anticipate  It  must  not  be  overlooked  that  the  saving  of  steel  effected, 
especially  under  present  conditions,  is  of  the  greatest  importance.  If  we  take,  sav, 
200  vessels  similar  to  the  one  under  discussion,  we  should  have  an  additional  carT\-ing 
capacity  of  230,000  tons  added  to  our  mercantile  fleet,  whilst  there  would  be  a  total 
sa\ang  of  51,000  tons  of  steel  as  compared  with  a  similar  number  of  steel  ships  of 
equal  carrjang  capacity.  Moreover,  this  steel  is  worked  in  the  fonn  of  reinforcement 
rods  and  is  not  dependent  upon  the  plate  rolling  mills  for  its  production.  This  is  the 
more  important,  as  at  the  present  moment  it  is  largely  the  limited  output  of  the 
roUing  mills  which  adds  to  the  difficult\'  of  procuring  an  adequate  amount  of  ship 
building  steel. 

We  came  to  the  conclusion  that  the  mo.st  economical  as  well  as  the  most  efficient 
rod  for  ship  construction  was  that  known  as  the  spiral  bond  bar.  This  is  an  ordinar\' 
mild  steel  bar,  which  subsequent  to  being  rolled  is  stressed  by  being  twisted  in  such 
a  manner  that  the  elastic  Hmit  is  raised  about  35  per  cent.,  the  twist  in  the  bar  giving 
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Fons. 

sq.  in. 

Tons. 

sq.  in. 

37-4 

26-9 

24-5 

17-62 

41-3 

20-7 

33-2 

23-86 
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it  at  the  same  time  a  continuous  mechanical  bond  with  the  concrete  in  which  it  is 
embedded.  With  this  high  elastic  limit  smaller  sections  may  be  employed  than 
would  be  possible  A\ath  an  ordinary-  mild  steel  bar,  which  means  a  reduction  in  weight 
of  steel  used.  As  the  continuous  mechanical  bond  justifies  shorter  overlapping  of 
bars  at  junctions,  the  weight  of  steel  is  again  reduced.  A  further  advantage  of  the 
special  twisting  treatment  lies  in  the  fact  that  steel  of  very  low  tensile  strength  may 
be  thus  treated,  and  so  release  for  other  important  work  the  higher  quality  steel. 

The  follo\\'ing  is  a  table  of  actual  tests  of  a  spiral  bond  bar  (if  in.  diameter) 
before  and  after  twisting  : — 

Contraction  of         Elongation  in 

.■\rea.  8  in.  Ultimate  Stress.       Elastic  Limit. 

Original  Size.  Per  Per      Actual     Tons  per  ^ctua!    Tons  per 

Diameter.  Area.  Diam.  Area.    Cent.  Inches.  Cent. 

Before  twisting,  1-375  in.   1-39      '88      -568      59-2      10-40      30-0 
After  twisting,  1-375  in.      i'39      '39      -581      58-2        9-68      21-0 

See  stress  strain  diagram.  Fig.  2. 

Although  the  structure  of  these  vessels,  both  in  relation  to  the  shell  and  frames, 
is  purely  reinforced  concrete  throughout,  the  possibihty  of  worldng  the  shell  of  rein- 
forced concrete  vessels  in  conjunction  mth  ordinary-  frame  bars  or  built-up  frames 
has  not  been  lost  sight  of,  although  the  problems  attendant  on  such  a  departure  from 
a  purely  monolithic  structure  present  difficulties.  It  is  conceivable  that  a  vessel 
might  be  satisfactorily  constructed  in  which  the  ordinary-  steel  frame  is  used  in  con- 
junction with  the  present  system  of  reinforced  concrete  hull,  and  in  the  United  States 
they  appear  to  have  adopted  some  such  method.  With  our  present  knowledge  there 
would  appear  to  be  in  this  connection  an  element  of  danger  unless  a  system  is  used 
blending  together  the  parts  in  such  a  way  as  to  leave  no  possible  chance  of  disruption. 
The  experience  gained  by  American  builders  in  this  respect  may  help  to  solve  this 
difl&culty,  as  the  principle,  if  successful,  appears  to  be  well  worthy  of  adoption.  It 
may  indeed  be  essential  in  reinforced  concrete  ships  of  large  tonnage.  Such  a  system, 
too,  would  overcome  some  of  the  difficulties  in  connection  with  the  fitting  of  various 
details,  wliich  at  present  it  is  necessarv'  to  arrange  for  before  the  concrete  portion  is 
commenced.  A  further  advantage,  and  probably  the  principal  one,  is  that,  without 
having  to  introduce  a  much  greater  proportion  of  skilled  labour,  the  system  would 
result  in  a  decreased  weight  of  hull. 

Hull  Fittiyigs  and  theiv  Connection. — Manj^  problems  have  arisen  regarding  fittings 
and  their  connection  and  relation  to  the  ship  which  in  ordinary-  steel  construction  are 
simple,  but  which  in  the  case  of  reinforced  concrete  construction  offer  difficulties 
which  have  had  to  be  carefully  examined  and  overcome.  Amongst  these  are  the 
openings  in  the  ship's  bottom,  stuffing-boxes,  the  passage  of  pipes  through  bulkheads, 
the  connection  of  fitrings  to  the  bulkheads,  and  the  connection  of  stanchions,  fairleads, 
bollards,  etc.,  to  the  deck.  Added  to  these  are  important  problems,  such  as  the 
connection  to  the  hull  of  the  rudder  post,  stern  post,  and  the  stem  tube. 

There  is  no  doubt  that,  with  experience,  improved  methods  of  adapting  fittings 
and  parts  of  the  structure  to  their  proper  functions  in  economical  and  efficient  manner 
wiU  be  evolved,  but  for  the  moment  we  think  that  the  methods  adopted  are  such  as 
to  give  reasonable  justification  for  anticipating  efficient  performance.  In  the  case 
of  a  steel  ship,  if  before  the  erection  of  the  bulkhead  provision  has  not  been  made 
and  holes  punched  to  take  any  particular  fitting,  as,  for  instance,  a  bracket,  it  is  an 
easy  matter  to  drill  such  holes  aftenvards  to  accommodate  it.  For  a  concrete  vessel, 
however,  the  cutting  of  holes  after  the  concrete  has  set  is  not  easy  and  is  undesirable. 
It  is,  therefore,  highly  important  that  all  the  details  of  fittings  required  to  be  connected 
to  the  hull,  or  passing  through  a  bulkhead,  for  instance,  should  be  considered  before 
the  erection  and  casting  of  that  bulkhead,  and  the  necessary-  information  must  be  ready 
at  an  early  stage  of  the  construction  in  order  that  the  builders  may  make  suitable 
pro-vision  for  the  same  when  erecting  the  shuttering.  Where  it  is  necessary  to  leave 
a  hole  in  the  concrete,  a  wooden  peg  may  be  fastened  to  the  shuttering  in  the  required 
position  ;  but  in  the  case  of  pipes  passing  through  a  deck  or  a  bulkhead  a  better 
arrangement  is  to  cast  a  metal  spigot  in  the  concrete  with  suitable  flanges  or  screwed 
ends  projecting  on  each  side  for  connection  to  the  pipes.  Such  fittings  as  mooring 
pipes  or  hawse  pipes,  as  well  as  the  majority  of  small  topside  fittings,  have  to  be 
specially  designed,  with  proper  projections,  for  casting  into  the  concrete,  as  otherwise 
holes  must  be  prepared  to  take  the  holding-down  bolts. 
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Lines  and  Tank  Trials. — It  is  ob\dous,  in  view  of  the  fact  that  the  whole  of  the 
vessel's  hull  has  to  be  cast  in  moulds  or  shutters,  that  the  simpler  and  straighter  the 
hnes  of  the  vessel  the  more  cheaply  and  easily  the  shuttering  can  be  constructed  and 
the  more  rapidly  the  work  can  be  proceeded  with.  For  this  reason,  when  designing 
the  lines,  a  simple  midship  section  was  adopted  having  a  perfectly  straight  side  and 
bottom  with  only  a  veiy  small  curvature  at  the  bilge.  This  section  was  retained  in 
*a  parallel  middle  body  for  half  the  length  of  the  vessel  amidships,  and  the  waterlines 
forvvard  rounded  into  an  easy  entrance,  still  retaining,  however,  the  straight-line 
sections.  In  rounding  in  the  waterhnes  aft  the  straight-hne  sections  were  retained 
as  far  as  possible  and  then  run  aft  to  the  propeller  and  faired  in  with  a  minimum 
of  curvature. 

In  determining  the  form  two  points  had  to  be  considered  : — 

(i)  That  the  fullness  of  form  which  is  economical  in  ordinary-  cargo  boats  when 
coupled  wdth  moderately  low  speeds  would  certainl}-  be  desirable  when  the  material 
of  construction  was  such  that  the  weight  of  hull  accounted  for  a  larger  proportion  of 
the  displacement  than  in  the  case  of  a  steel  ship. 

(2)  That  the  introduction  of  straight  lines  in  the  transverse  sections,  whilst 
desirable  for  constructional  purposes,  might  lead  to  a  large  increase  in  resistance 
compared  with  an  ordinary  cargo-boat  form,  if  there  were  any  tendency  for  the  stream 
lines  to  flow  across  the  knuckle  [i.e.,  the  intersection  of  the  two  surfaces  forming 
the  sides  and  bottom). 

To  obtain  a  reasonably  good  form  under  the  above  conditions  trials  were  carried 
out  in  the  experimental  tank  as  follows  :  The  model  was  made  fuller  than  was 
actually  required  and  cast  thick  enough  locally  to  allow  cutting  off  at  certain  parts. 
After  the  curve  of  resistance  had  been  obtained  with  the  original  model  (C  S), 
the  bottom  part  of  the  bow  was  fined  (C  S.,)  with  an  improved  result.  Then  the 
after-body  was  similarly  fined  (C  S3)  with  further  advantage.  A  further  fining  of 
the  bow  (C  S4)  and  then  again  of  the  stern  (C  S5)  still  impro\'ed  the  form,  which  was 
now  reasonably  comparable  with  an  ordinary  cargo-boat  form  of  the  same  dimensions 
and  displacement. 

The  total  modifications  made  were  comparatively  slight,  amounting  to  23  tons, 
and  reducing  the  block  coefficient  by  'oi. 

The  load  waterhne  and  curve  of  areas  have  generally  been  regarded  as  the  deter- 
mining features  of  the  resistance  of  an  ordinary  form,  but  we  found  that  the  influence 
of  the  Ivnuckle  was  so  marked  that,  udth  the  waterline  unaltered  and  practically  the 
same  curve  of  areas,  a  reduction  was  made  in  resistance  of  40  per  cent. 

The  hnes  ultimately  adopted  may,  therefore,  very  reasonably  be  considered  as 
the  most  suitable  for  simpUcity  of  shuttering  and  for  easy  construction  in  reinforced 
concrete. 

The  deck  has  a  camber  of  8  in.  in  the  full  breadth  ;  but  here  again  curvature 
has  been  avoided,  the  crown  being  a  level  flat  4  ft.  each  side  of  the  centre  hne,  the 
remaining  deck  sloping  in  a  straight  line  to  the  side,  and  the  deck  at  centre  is  a  straight 
line  all  fore  and  aft. 

Propelling  Machinery  and  Boilers. — With  respect  to  the  propelhng  machinery, 
the  considerations  which  have  to  be  taken  into  account  as  to  suitability  of  type  are 
practically  the  same  in  reinforced  concrete  as  in  steel  ships  ;  but  the  method  of 
efficiently  connecting  the  machinery'  to  the  hull  of  the  ship,  the  arrangement  of  the 
stem  tubes,  the  special  attachment  to  the  shell  of  sea  connections,  etc.,  require  more 
consideration  in  the  former  case,  and  great  care  has  to  be  taken  to  ensure  rehabihty 
in  this  respect. 

In  the  present  six  boats  building  to  this  design  the  adoption  of  machinery  has 
been  largely  governed  by  what  it  has  been  possible  to  obtain  imder  existing  cir- 
cumstances. 

In  three  of  the  vessels  we  are  fitting  compound  surface  condensing  single-screw 
engines  of  approximately  350-400  h.p.  with  cylinders  17-in.  and  34-in.  diameter, 
24-in.  stroke,  working  at  about  100  revolutions  per  minute. 

The  boiler  installation  consists  of  two  cylindrical  boilers  9  ft.  6  in.  diameter 
by  9  ft.  long,  working  at  a  pressure  of  about  130  lb. 

In  the  remaining  three  we  intend  fitting  triple-expansion  engines  of  about 
500  I.H.P.,  which  will  somewhat  reduce  our  deadweight  capacity  but  give  an  appre- 
ciable increase  of  speed. 
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Two  boilers  were  decided  upon,  so  that  in  the  case  of  a  breakdown  of  one  there 
would  be  sufficient  boiler-power  in  the  ship  to  drive  the  vessel  at  a  reasonable  speed. 
When  in  port  one  of  the  boilers  will  be  of  sufficient  power  to  work  all  necessary 
auxiliar}'  machinery,  including  that  for  loading  or  discharging.  Incidentally,  there 
are  other  advantages  in  having  two  small  boilers,  such  as  the  possibility  of  their 
transport  by  rail  instead  of  by  sea  from  the  place  of  manufacture  to  wherever  the 
machinery  is  being  installed.  Further,  the  advantage  of  being  able  to  ship  the 
boilers  through  the  hatchways,  as  lea\ang  any  part  of  the  deck  unfinished  for  this 
purpose,  is  ver}^  undesirable  in  reinforced  concrete  ships. 

The  machinery'  is  fitted  aft,  a  usual  position  in  this  type  of  cargo  vessel ;  but 
another  reason  for  this  was  to  reduce  the  length  of  tunnel,  as  if  this  were  of  reinforced 
concrete  instead  of  steel  it  would  form  an  important  item  of  weight. 

Launching. — Coming  next  to  the  question  of  launching,  this  is  an  operation 
which  in  the  case  of  reinforced  concrete  ships  requires  more  than  ordinary  con- 
sideration and  care.  This  operation,  alwaj^  fraught  with  anxiety,  is  doubly  so 
when  dealing  with  a  vessel  of  reinforced  concrete  construction.  Take,  for  instance, 
the  launching  arrangements  for  the  vessel  under  discussion.  A  launching  weight 
of  i,ioo  tons  has  to  be  dealt  with  as  compared  with  about  550  tons  in  the  case  of 
a  steel  ship  of  corresponding  size.  To  keep  down  the  stresses,  a  moderate  decUvity 
of  ways  with  ample  depth  of  water  on  the  way  ends  has  been  arranged  ;  but  even 
so  quite  a  considerable  hogging  stress  and  excessive  way-end  pressures  are  met 
with  just  before  the  stern  commences  to  lift.  Some  internal  shoring  has  to  be 
arranged  at  suitable  parts  of  the  vessel  as  additional  precautions  before  launching. 
The  shearing  forces  at  the  fore  poppet  are  severe  and  must  be  met  by  an  adequate 
strength  of  hull. 

The  foundation  supports,  especially  as  the  vessel  is  being  built  on  new  ground, 
have  been  carefully  considered,  as  sinkage  during  any  stage  of  the  concreting  would 
have  serious  results  and  must  be  guarded  against. 

The  precaution  of  allowing  the  concrete  sufficient  time  to  set  properly  before 
the  vessel  is  launched  is  necessary  in  view  of  the  fact  that  the  compressive  strength 
of  the  concrete  continues  to  increase  for  some  time  after  being  worked,  and  it  is 
necessar\^  to  utilise  as  much  of  tins  increased  strength  as  possible  to  resist  the  launch- 
ing stresses. 

The  supporting  blocks  and  holding-up  arrangements  (dog  shores)  also  require 
greater  strength  than  is  necessary  in  the  case  of  the  fighter  steel  vessels. 

Generally  speaking,  the  severe  launching  conditions  may  be  taken  as  an  adequate 
test  of  the  vessel's  ability  to  withstand  any  stresses  she  may  be  called  upon  to  meet 
under  ordinary  conditions  of  service. 

To  obviate  the  undesirable  necessity  of  pile-driving  in  the  channel  where  the 
vessel  is  being  built,  the  standing  ways  beyond  the  sea-wall  are  supported  on  special!}'- 
designed  pontoons  resting  on  the  bed  of  the  channel.  These  pontoons  are  specially 
constructed  of  concrete,  and  may  be  towed  from  one  berth  to  another,  and  when  in 
the  necessary'  positions  are  sunk  by  being  flooded  through  sluice  valves  arranged 
in  the  sides  for  that  purpose. 

Some  statement  should  perhaps  be  made  here  as  to  the  t»me  for  construction  of 
vessels  of  thio  type  as  compared  with  steel  ships,  and  our  experience  so  far  leads  us 
to  believe  that  in  the  case  of  the  first  vessel  of  any  type  the  time  of  construction 
approximates  very  closely  to  that  of  a  steel  ship,  but  that  in  building  successive  ships 
of  the  same  size  and  form  there  will  be  a  marked  reduction  owing  to  the  possibihty 
of  using  repeatedly  a  large  proportion  of  the  shuttering  or  moulds.  By  this  means 
I  believe  that,  with  all  the  material  to  hand,  a  vessel  similar  to  that  described  in 
this  paper  could  be  completed  in  three  and  a  half  to  four  months. 

In  conclusion,  I  should  like  to  express  a  word  of  thanks  to  those  associated  with 
me  in  this  work  :  the  members  of  the  staff  of  the  Ferro  Concrete  Ship  Con- 
struction Company,  of  Barrow-in-Furness,  who  have  worked  so  energetically  and 
untiringly  in  the  design  and  construction  of  the  vessels  ;  and  to  the  directors  and 
staff  of  Messrs.  L.  G.  Mouchel  &  Partners,  who  have  brought  great  ability  and  experi- 
ence to  bear  on  the  solution  of  some  of  the  difficult  problems  involved  ;  also  to  the 
directors  of  the  Yorkshire  Hennebique  Company,  who  have  by  their  experience 
shown  us  how,  in  many  ways,  the  time  of  construction  can  be  shortened. 
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By  GEO.  KNOX. 

The  follo-wing  Memorandum,  recently  published  by  the  South  Wales  Schooi  or  Mines, 
Treforest,  and  prepared  fcv  Mr.  Geo.  Knox,  Principal  of  the  School,  has  a  particular  value 
at  the  present  time  'when  it  is  of  the  utmost  importance  to  economise  in  the  use  of  timber  in 
every  direction.  We  point  specially  to  the  part  of  the  Memorandum  dealing  •with  concrete 
pit  props,  as  this  is  a  question  deserving  particular  attention.~ED. 

UxTiL  recently  timber  has  been  the  principal  means  of  support  used  for  under- 
ground  working's,  but  owing-  to  the  continued  rapid  growth  of  the  minings 
industry  the  available  supply  of  suitable  timber  is  difficult  to  obtain  and  costly 
to  provide,  particularly  at  the  present  time,  when  freig-ht  rates  are  so 
exorbitant. 

The  increase  in  cost  and  temporary  nature  of  timber  led  to  the  introduction 
of  brick  and  stone  linings  for  main  roadways,  and  of  steel  g^irders  with  wood 
lag^g^ing-  for  secondary  roadways.  Brick  and  stone  lining-s — particularly  the 
latter — are  too  brittle  to  be  of  much  service  in  g^round  where  the  strata  have 
only  partially  subsided,  and  unless  steel  g-irders  are  put  in  very  close  together, 
with  only  light  timber  lagging,  they  are  apt  to  be  badly  twisted,  necessitating 
constant  renewal.  In  ground  which  has  completely  subsided,  particularly  in 
return  airways,  brick,  stone,  or  steel  are  preferable  to  timber  on  account  of 
the  time  they  will  stand  without  renewal.  For  general  roadway  supports  steel 
is  cheaper  than  timber  on  account  of  the  saving  in  renewals  and  freedom  from 
falls  of  roof  and  sides. 

During  the  past  ten  or  fifteen  years  many  Continental  mining  engineers 
have  introduced  concrete  and  reinforced  concrete  for  shafts,  galleries,  tunnels, 
etc.,  with  great  success,  and  during  the  few  years  preceding  the  war,  in 
Belgium  and  the  Pas-de-Calais  coalfields  particularly,  the  use  of  concrete  had 
become  extensive,  replacing  almost  entirely  the  use  of  brick,  stone,  or  steel 
for  permanent  supports. 

In  discussing  this  matter  with  .several  Continental  engineers  who  had 
adopted  this  process  thej  'all  expressed  surprise  that  it  had  not  been  adopted 
on  a  large  scale  in  Britain,  as  it  had  proved  an  assured  success  in  their 
collieries,  their  claim  being  that  it 

(a)  Was  cheaper  and  superior  as  a  means  of  support. 

[h)  Reduced  stoppage  in  haulage  to  a  minimum. 

(c)   Produced   smooth,  airtight   roadways   \\hich  in   dusty   mines   could 
easily  be  kept  clean  and  safe  by  watering  or  dust  extraction. 

{d)  Reduced  leakage  in  ventilation. 
The  first   attempt   at  forming   concrete   linings    on    the    Continent  was    by 
making  reinforced  blocks  and  building  as   in  the  case  of  bricks,   but  this  was 
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found  to  be  costly  and  less  stable  than  the  method  now  used  of  forming  the 
whole  lining-  of  "  concrete  puddle  "  behind  a  framework  which  was  allowed  to 
remain  in  for  about  fourteen  days  before  being  withdrawn.  By  this  time  the 
whole  of  the  concrete  has  set  in  one  complete  block,  and  if  reinforced  with  old 
wire  ropes,  etc.,  will  stand  a  greater  pressure  than  either  stone  or  brick  linings. 
Underground  concrete  lining,  to  be  cheap  and  successful,  must  be  con- 
structed of  materials  suitable  to  the  conditions  prevailing  in  each  particular 
case.  In  wet  ground,  for  example,  it  would  be  useless  to  use  ordinary  lime, 
whereas  in  dry  workings  cement  need  only  be  used  in  very  small  quantities 
(about  one  part  of  cement  to  eight  of  lime).  Again,  in  ground  where  a  heavy 
crush  was  expected,  or  in  large  excavations  such  as  pit-eyes,  the  "  aggregate  " 
should  consist  of  hard  rc>ck,  whereas  under  ordinary  circumstances  the  shale 
from  the  mine  rippings  v;ill  be  found  strong  enough.  The  amount  of  reinforce- 
ment required  will  also  depend  on  local  circumstances,  being  greatest  in  large 
excavations  or  in  subsiding  or  faulted  ground. 

In  choosing  cement  use  always  the  best  class  possible,  which  can  be 
determined  by  its  fineness,  specific  gravity,  and  tensile  strength.  In  very  par- 
ticular work,  where  strength  is  the  all-important  factor,  the  cement  may  be 
improved  by  re-grinding  immediately  before  being  used.  Where  rapidity  of 
setting  is  required  (initially  and  finally)  cement  should  be  re-ground  very  fine. 
If,  however,  the  cement  and  aggregate  had  to  be  mixed  on  the  surface  and  sent 
into  the  mine  in  trams,  slow-setting  cement  should  be  'Used,  as  concrete  which 
becomes  "  dry  "  and  has  to  he  re-mixed  is  as  friable  as  bricks. 

Where  great  strength  is  required  the  best  concrete  is  made  from  the 
follow- in  g  : — 

g  parts — 36% — i^"  granite. 
8     ,,     —32%—  h"  granite. 
5     ,, "  ^20% —         sand. 
3     ,,     — 12% —         cement. 
In  dry  underground  roadways  the  co'ncrete  may  consist  of  :  — 
I   part  —  3% — cement. 
8  parts — 23% — freshly  burned  lime. 
24     ,,     — 74% — hard  shale  from  ripping  up  to  i|". 
In  other  words,  the  strength  of  concrete  depends  upon  the  hardness  of  the 
aggregate    and    the    purity  of  the   cement,    and    the    cost    will   be    determined 
likewise. 

Continental  engineers  say  that  cement  and  lime  should  never  be  mixed  in 
concrete,  but  I  have  seen  the  mixture  used  successfully  in  several  cases  in  this 
country,  and  only  on  one  occasion  did  I  know  of  its  failure,  and  in  that  case 
the  lime  had  been  lying  in  the  store  for  a  considerable  time,  which  in  all  likeli- 
hood accounted  for  the  failure. 

Where  cement  only  is  used  fine  material  (stone  and  sand)  must  be  mixed 
with  the  coarser  aggregate,  so  that  all  the  interspaces  are  roughly  filled  with 
only  a  thin  layer  of  cement  between  the  parts  to  consolidate  them. 

Careful  mixing  is  very  important  to  ensure  successful  results.  Where 
this  is  done  by  hand  (as  will  be  the  case  in  the  experimental  stage)  it  should 
be  carefully  turned  over  when  dry   until   well  mixed,  and   the  process  repeated 
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ag-ain  when  wet,  care  being-  taken  to  keep  it  free  from  any  oil,  grease,  or  slimy 
muds.  For  this  reason  it  will  be  better  to  have  the  dry  mixing  done  on  the 
surface  and  conveyed  underground  in  trams  to  the  place  where  the  concrete  is 
required,  when  the  wet  mixing  could  be  carried  out. 

When  poatting  reinforced  concrete  in  position  it  is  best  to  shovel  it  in 
against  either  side  (from  the  bottom  upwards),  allowing  it  to  come  to  rest  at 
the  angle  of  repose,  and  durimg  this  process  the  reinforced  bars  (old  ropes 
usuially)  should  be  jarred  occasionally  by  knocking  with  a  hammer,  so  that  the 
whole  space  has  an  opportunity  of 'getting  completely  filled. 

Concrete  has  a  low  tensile  strength,  but  fortunately  for  its  use  in  mines 
compressive  strains  are  what  have  to  be  most  frequently  guarded  against,  and 
its  strength  in  compression  is  much  higher  than  brick  or  stone.  Ordinary 
concrete  (without  reinforcement)  is  three  to  five  times  as  strong  as  the  best 
brick,  and  five  to  eight  and  a  half  times  as  strong  as  ordinary-  brick  : — - 


Laid  in  best  mortar. 


Compressive  strength  in  lbs.  pei 
square  inch    ... 


Ordinarv  brick. 


Best  brick. 


Concrete. 


48r, 


•"'34 


,000  to  1,000  after  i  month. 


On  the  Continent  the  mixtures 

most  fre 

quently 

adopted  are  as  follow  :  — 

Cement. 

Sand. 

Rock. 

Compressive    strength    in    lbs. 
at  end  of  i  month. 

For  vertical  walls 
Retaining  walls 
Shaft  linings    ... 
Engine,  etc.,  foundations 
Underground  dams     ,.. 

I 

H 

3 
4 

6 

4,000 
3.400 
2,700 
-,300 

2,000 

.\s  illustrating  the  effect  of  reducing  the  percentage  of  cement  and 
increasing  the  percentage  of  sand,  the  following'  results  were  obtained  from 
experimients  recently  carried  out  :  — 


Proportion  of  Sand 

0 

i       !       I 

I.J 

2          3          4     ,     .=^ 

617          6 

Comparative  Strength 

I 

i       '       i 

1 

i        A        1-    '     4 

J          i          1 

To  show  the  value  of  re-grinding  to  produce  a  quick-setting  concrete,  the 
following  results  mav  be  Quoted  :  — 


Sample. 

End  of  24  hours. 

End  of  7  days.              End  ol  2S  days. 

lbs.  per  sq.  inch. 

lbs.  per  sq.  inch. 

ibs.  per  sq.  inch. 

Ordinary 

Re-ground  for  5  hours  ... 

Re-ground  for  14  hour-;               

135-9 

348-0 

555  3 
568-3 

59-'^-7 

657-8 
631-3 

The   relative  cost   and   strength   of   wood,    brick,    sandstone,    and  concrete 
are  given  by  Habets  in  "  Course  d' Exploitation  des  Mines  "  as  follows  :  — 
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Wood.  Sandstone.  Brick.       i  Concrete. 


Cost  per  metre  ia  fraiics      ...  ...  150  120 

Resistance  in  kilos  per  sq.  c.  ...  4"=  80 

Coft  per  cubic  yard £4   us.  bd.  £j   13s.  3d. 


i8s.   lod. 


Where  mine  rubbi.sh  is  used  to  form  the  ag-gregate  the  cost  of  material  Is 
about  :  — 

s.     d. 

7     2   per  cubic  yard   for  6-1    concrete   (cement). 
82  ,,  ,,  5-1  ,,  ,, 

40  ,,  ,,  4-1  ,,        (lime). 

32  ,,  ,,  5-1 

Mixing-,  transit,  and  fixing-  would  cost  3s.  to  5s.  per  cubic  yard,  according- 
to  the  nature  of  the  g-round  to  be  filled  in.  Adding  to  this  the  fixing-  of  the 
"  cradling  "  or  "  centreing  "  and  the  old  rope  strands  for  reinforcement,  the 
cost  would  probably  be  at  the  present  time  between  ^4  and  /J"5  per  linear 
yard  of  roadway  g  ft.  by  7  ft. 

Where  cement  only  is  used  to  consolidate  the  aggregate,  care  should  be 
taken  to  prevent  dust  adhering  to  the  rock  forming  the  aggregate  before 
mixing.  If  the  material  usied  produces  a  lot  of  dust  in  the  crushing,  the 
aggregate  should  be  sprayed  (or,  better  still,  subjected  to  a  jet  of  compressed 
air)  to  get  rid  of  the  dust.  Where  a  mixture  of  lime  and  cement  is  used  this 
is  not  necessary.  One  of  the  best  materials  to  be  had  in  colliery  districts  from 
which  the  aggregate  may  be  constructed  is  the  burned  shale  from  colliery 
rubbish  tips.  It  is  harder  than  ordinary  shale,  is  rougher  on  the  surface,  and 
therefore  gives  a  better  surface  for  the  cementing  rnaterial  to  adhere  to.  When 
mixed  with  ground  furnace  slag  it  forms  an  excellent  aggregate  for  concrete. 
In  many  cases  boiler  clinker  is  used  to  mix  with  the  mine  shale.  It  is  crushed 
and  passed  through  a  |-in.  mesh.  This  fills  the  interspaces  between  the  pieces 
of  coarser  shale,  but  as  clinker  has  only  a  very  low  strength  in  compression  it 
is  not  advisable  to  use  it  if  a  plentiful  supply  of  hard  mine  shale  can  be 
obtained. 

A\'here  side  support  is  required  (as  well  as  roof  support),  the  concrete  lining 
should  be  put  m  as  shown  in  rough  sketch  (Fig.  i),  so  that  all  or  it  comes  into 
compression  when  weighted.  On  the  Continent,  where  the  main  roads  are 
concreted,  this  work  is  done  as  soon  as  the  maximum  of  subsidence  has  been 
reached,  and  as  the  road  is  then  ripped  to  get  the  required  height  the  finished 
area  remains  practically  constant.  It  is  therefore  an  advantage  to  havj 
"  centres  "or  "  cradles  "  constructed  as  shown  in  Figs,  i  and  2,  as  in  use  at 
Bethune  Colliery,  where  the  cross  staff  can  be  withdrawn,  allowing  the  whole 
thing  to  collapse  and  be  carried  forward  for  re-erection. 

Where  the  area  of  roadway  is  very  variable  this  would  require  too  much 
concrete  to  fill  up  the  intervening  space.  It  is  therefore  advisable  to  have  some 
form  of  frame  which  can  be  expanded  (as  shown  in  Fig.  3)  to  suit  the  local 
conditions.  This  is  essential  where  reinforced  concrete  is  being  substituted 
for  other  supports  (in  repair  work),  particularly  where  large  falls  of  roof  have 
taken  place. 
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The  cheapest  reinforcement  for  this  kind  of  work  is  the  strands  of  old  steel 
haulage  and  winding-  ropes.  Under  norrr.al  conditions  it  may  only  be  neces- 
sary to  put  the  strands  in  longitudinally,  but  where  extra  support  is  required 
it  is  advantageous  to  have  them  crossed  with  transverse  strands,  as  shown  in 
Fig.  4,  and  with  very  bad  roof  weights  two  sets  of  longitudinal  and  transverse 
strands  may  be  put  in  together,  with  a  few  extra  longitudinal  wires  between 
the  sets.  An  important  point  to  note  in  connection  with  the  reinforcement  is 
that  the  ends  of  the  strands  should  terminate  irregularly  so  as  to  overlap  the 
next  set  at  different  points  and  prevent  anything  in  the  nature  of  a  "  joint  " 
being  formed. 

Where  the  sides  are  strong  enough  to  make  a  foundation  for  the 
"  quarters  "  it  is  not  at  all  necessary  to  cut  away  the  sides,  but  it  is  a  wise 
precaution  to  protect  them  from  the  effects  of  atmospheric  weathering  by  a 
thin  laver  of  concrete,  as  shown  in  Fig.  5.  The  concrete  arch  may  then  be 
sprung  from  this  (as  shown  on  sketch),  thus  saving  a  large  amount  of 
excavation. 

Where  concrete  arching  breaks  on  account  of  excessive  or  sudden  pressure 
it  does  so  as  a  rule  at  the  crown  of  the  arch,  and  less  frequently  where  the 
arch  rests  on  the  quarters.  In  the  former  case  you  may  either  get  a  sharp 
fracture,  which  can  usually  be  filled  up  with  neat  cement,  or  splintering,  when 
the  concrete  comes  down  in  flakes  until  the  reinforcement  is  exposed.  In  this 
case  the  temporary  "  cradle  "  or  "  quarters  "  should  again  be  erected,  and 
after  the  fractured  surface  has  been  coated  with  cement  concrete  should  be 
rammed  in  to  fill  up  the  space  between  the  roof  and  the  cradling. 

In  the  initial  experimental  stage  the  aggregate  will  probably  be  broken 
and  sized  by  hand,  and  the  cement  and  lime  be  obtained  from  the  market,  care 
being  taken  that  only  the  best  cement  is  used,  and  that  the  lime  (which  should 
be  freshly  burned)  contains  at  least  80  per  cent.  CaO,  which  can  easily  be 
obtained  from  the  best  has  limestone.  Only  the  amount  required  should  be 
wet  mixed,  as  re-mixing  makes  it  brittle  and  useless. 

Should  it  be  decided  to  adopt  this  method  on  a  large  scale  it  would  be 
much  cheaper  to  erect  special  lime  kilns  at  the  colliery,  when  the  lime  could 
be  calcined  by  means  of  the  refuse  from  the  wasbery,  the  ash  of  which  assists 
in  strengthening  the  aggregate.  A  stone  crusher  and  screens  would  also  be 
required,  together  with  a  screw  conveyor  to  convey  and  mix  the  material  before 
sending  it  into  the  mine.  It  will  be  time  enough  to  consider  this  matter  once 
an  experiment  had  been  carried  out  and  the  success  of  this  was  assured,  but  it 
should  be  remembered  that  the  cost  of  an  experiment  made  bv  hand  where  the 
workmen  are  all  new  to  the  work  will  be  much  more  than  \Vhere  the  crushing 
and  mixing  is  done  mechanically  and  labourers  have  been  trained  to  fix  the 
material. 

Reinforced  Concrete  Props. — For  some  years  past  reinforced  concrete 
props  have  been  used  in  the  Midland  coalfield.  They  are  made  in  moulds,  and 
usually  consist  of  one  part  cement,  one  part  boiler  clinker  (through  §-in.  mesh), 
and  two  parts  breeze  dust.  They  were  made  in  lengths  up  to  5^  ft.,  and 
reinforced  by  several  strands  of  small  haulag^e  ropes.  They  were  kept  in  the 
mould  until  set,  then  staked  and  w-atered  daily  for  a  period  of  four  to  six  weeks 
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before  being-  used.  When  made  in  very  large  numbers  and  using  aggregate  as 
above  they  cost  in  pre-war  days  about  8d.  each.  As  the  compressive  strength 
of  the  aggregate  was  low,  and  no  special  method  of  binding  the  reinforcement 
was  used,  these  props  had  a  very  low  breaking  strength. 

Many  improvements  have  been  effected  in  the  manufacture  of  these  props 
during  the  pasL  four  \ears,  and  some  colliery  companies  are  making  these 
props,  at  the  rate  of  i,goo  per  week,  in  lengths  varying  from  3  to  9  ft  The 
Lilleshall  Co.,  Ltd.,  make  the  following  sizes  for  sale  :  — 

Price. 
No.   of    props    per  ton. 
;i    approximately 


Len 

gth. 

No. 

4' 

6" 

•     31 

■> 

0" 

..     28 

5' 

6" 

•       25 

6' 

0" 

•■     23 

6' 

6" 

•      15 

1^1 
/ 

0" 

12 

7' 

6" 

10 

8' 

0" 

8 

8' 

6" 

7 

9' 

0" 

6 

10' 

0" 

.S 

s. 

d. 

2 

9 

each 

•     3 

o-l 

•     3 

5 

3 

9 

■     4 

10 

5 

3 

5 

10 

.     6 

5 

•     7 

0 

.     8 

6 

The  following  tables  show  the  results  of  experiments  to  ascertain  the 
resistance  to  thrust  of  reinforced  concrete  props  made  by  the  Lilleshall 
Co.,  Ltd.  :— 

■■>■     Tests  made  bv  Messrs.  David  Kirkaldy  &  Son,  99,  Southwark  Street,  London.— 21.3.16. 


Ultimate 

Test   No. 

Description. 

Length. 

Dimen- 

Base .\rea 

load  per 

Remarks. 

sions. 

(Appro.x.). 

sq.  m. 

YY 

Ends  ot    Props  only  roughly 

squared, 
rested  asainst  0  in.  X  3  in.  deal 

inches. 

sq.  ins. 

11;S.   tons 

Failed  at  mid 

walings 

length. 

1402 

Wooden  Pit  Prop  (Norwegian:  5  ft.  lof  in. 
Larch). 

30-7 

2670    ITQ 

1403 

do.                              5  ft.  II J  in. 

260 

4080    I'82 

Failed  at  one 
end. 

1404 

Reinforced  Concrete  Pit       A.   ■,    6  ft.  0  in. 
Prop  f3  \'ertical  Rods 
J  dia.). 

do.                       B.      6  tt.  oj  in. 

i8-5 

3840    171 

Failed  at  mid 
length. 

1405 

17-5 

3540  I-5S 

Failed  at  one 

end. 

The  load  in  this  case  was  applied  at 

Tests  made  at  the  School  of 


the  rate  of  ten  tons  per  minute. 

Mines,  Treforest. — 26.9.17. 


Prop. 

Length. 

Section. 

Sectional 
area  sq.  ins. 

Load  at  which 
props  first  gave 
signs  of  failure. 

Final  load 
taken  lbs. 

Load  taken 
in  lbs.  per 
sq.  inch. 

A 

P. 
C 

-S  in. 
7S  in. 
54  i'l. 

5  in.  X  5  in. 
5  in.  X  5  in. 
5  in.  X  4jm. 

25 
25 
21 

Allowance 
lor  comers. 

40,000 
24,000 
40,000 

48,200 
44,000 
45,000 

I,02.S 
1,760 
2,140 

The  load  in  this  case  was  applied  at  the  rate  of  one  ton  per  minute. 


■3i 


GEO.  KNOX. 


(CDNCBETFJ 


It  is  interesting  to  note  that  a  comparison  of  the  above  tests  confirm  the 
statement  that  the  greater  the  rate  of  loading-  the  hig^her  the  load  taken  by 
concrete. 

These  props  would  have  borne  a  still  g"reater  load  if  the  binding-  wires 
round  the  remforcement  rods  had  not  been  placed  too  far  apart  at  the  ends, 
which  allowed  a  fracture  to  develop  between  the  two  interlacing^  wires. 


FIG  2 


o       o 
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■^  o. 


ffl.'?.] 

' 

- 

B 
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^ 
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•  1      :»j 
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FIG-  A 


Their  colliery  manag^er  stiites  that  "  no  objection  has  been  taken  by  the 
workmen  to  the  use  of  concrete  props,  and  that  in  practice  sufficient  warning- 
is  always  given  before  breaking  through  pieces  of  concrete  flying  from  the 
sides  of  the  props."  "  The  price  of  these  props,"  he  says,  "  compares  favour- 
ably with  that  of  wood,  and  that  wet  does  not  affect  them." 
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Several  colliery  companies  in  South  Wales  have  recently  attempted  the 
manufacture  of  concrete  props,  and  the  following-  results  of  tests  made  at  the 
School  of  Mines,  Treforest,  of  props  constructed  at  Tynebedw  Colliery  vi^ill 
show  that  even  in  the  initial  stages  fairly  satisfactory  results  may  be  attained. 


TvNKEEDw  Colliery.— Result  of  Test  on 

Reinforced  Concrete  Pit  Props. 

Time  of 

Load  at  which 

Trial 

Prop. 

Mixture. 

Reinforcement.        Length.     Section. 

setting 
days. 

prop  first  gave 
signs  of  fai- 

Load 
abs.). 

Remarks. 

lure  (lbs.). 

-A 

J  cemeut  and  f 
burnt     rub- 
bish from  tip 

1  in.  diameter  hau-!  3  ft.  6  in.     3^     3^ 
lage          rope 
through  centre. 

36 

9,700 

15,900 

Poor        method      of 
Reinforcement. 

B 

do.      do. 

6  strands  of  wire     3  ft.  6  in.  !    4     3i 
rope    placed    in 
parallel      pairs, 
2  in.  apart  ;  dia- 
meter of  strands 
o'3  in. 

15 

1 

19,300 

Coarse  material   pre- 
sent. 
No      interlacing    of 
Reinforcement. 

C 

do.       do. 

do.                        do.              do. 

48 

17,400 

17,800 

Coarse   material   pre- 
sent.   No  interlacing 
of  Reinforcement. 

D 

J  cement  and  3 
boiler 
clinker. 

do.                        do.              do. 
butinterlaced  with 
No.      16      wire 
(slightly). 

41 

24,000 

30,200 

E 

do.       do. 

do.                       do.             do. 

41 

19,300 

34,600 

Kept     under     water 
while  at  School  of 
Mines. 

F 

(Wood) 

• —                    3  ft.  6  in.  4 in.  d  ia. 

— 

— 

44,800 

In  the  construction  of  concrete  props  the  nature  of  the  aggregate  used  and 
the  methods  of  reinforcement  are  the  most  important  points  to  be  considered  in 
turning  out  a  satisfactory  pit  prop.      A  good  mixture  consists  of  cement,  boiler 
clinker,   and  burnt  collieiw  tip  rubbish,   in  the  proportion  of  : — 
One-fifth  cement  (fresh  and  finely  ground). 
One-fifth  boiler  clinker  (between  t&  in.  and  |  in.). 
Three-fifths  burnt  colliery  shale  (between  ^  in.  and  j  in.). 

These  ingredients  should  be  well  mixed  before  being  put  into  the  moulds 
and  carefully  rammed  all  round  the  reinforcement  to  ensure  good  binding. 

The  reinforcement  need  not  consist  of  more  than  three  or  four  thin  steel 
rods  from  old  guide  rods  (or  old  wire  rope  strands),  placed  as  shown  in  plan, 
Figs.  6,  g,  and  lo,  and  interlaced  as  shown  in  section,  Figs,  y,  S,   ii,  and  12. 

Care  should  be  taken  to  have  the  binding  pieces  sufBciently  close  together 
at  both  ends  to  prevent  the  prop  splitting.  It  is  also  necessary  to  note  that  the 
reinforcement  at  both  ends  should  be  covered  by  at  least  one  inch  of  concrete 
(see  Fig.  8),  otherwise  the  weight  or  pressure  acting  directlv  on  the  reinforce- 
ment causes  the  prop  to  bend  and  break  up  with  a  comparatively  small  load. 
Chamfering  the  top  as  shown  in  Fig.   13  also  tends  to  prevent  splintering. 

The  whole  question  of  the  cost  of  temporary  support  at  the  faces  is  largely 
determined  by  :  — 

(a)  The  rate  at  which  the  faces  advance;  and 

(b)  The  amount  of  j^ermanent  packing  put  into  the  gob. 
Reinforced  concrete  props  could  be  most  advantageously  used  where  the  faces 
move  forward  rapidly  and  where  a  maximum  amount  of  permanent  packing  is 
put  into  the  gob.  Under  these  conditions  the  amount  and  rate  of  subsidence 
between  the  face  and  the  packs  is  reduced  to  a  minimum  and  acts  slowly  and 
steadily.  \\'ith  moderately  careful  handling,  setting,  and  withdrawal,  these 
preps  would  last  for  a  considerable  time. 
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In  South  Wales  collieries  a  fairly  larg-e  projx>rtion  of  the  Total  supply  and 
the  heaviest  of  the  timber  is  used  for  repair  work  on  the  main  roadways.  This 
could  be  largely  replaced  by  the  erection  of  reinforced  concrete  arching-  on  the 
lines   suggested  above. 

The  estimated  quantity  of  timber  used  in  the  mines  of  this  country  .annually 
is  normally  4,500,000  tons,  of  which  four-fifths,  or  3,600,000  tons,  is  imported 
overseas.  Apart  from  the  necessity  of  saving  every  possible  ton  of  shipping, 
the  increased  cost  of  timber  must  be  considered.  During  the  past  three  years 
the  total  cost  has  been  enormously  increased,  althougti  the  quantity  of  timber 
imported  has  decreased. 

In    1914   imported  timber  cost   ;£^3, 259,3-16. 

,,    1915  ,,  ,,  ;^4,786,36i. 

,,    191^5  "  ).  ;^'6,9o8,09i. 
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Under  these  circumstances  it  seems  evident  that  steps  should  immediately 
be  taken  to  reduce  the  tonnage  required  for  timber  imports,  and  at  the  same 
time  reduce  the  cost  of  supports  for  mines. 

The  use  of  reinforced  concrete,  particularly  in  the  form  of  arching  in  under- 
ground roadways,  is  not  a  highly  skilled  undertaking,  and  there  is  an  abundant 
supply  of  suitable  material  to  be  had  in  every  district  in  the  coalfield  if  only 
some  definite  scheme  could  be  put  into  operation  to  make  use  of  it. 

The  number  of  men  who  have  been  withdrawn  from  the  mines  for  the 
purpose  of  felling  trees  in  the  most  inaccessible  districts  in  North  Wales,  had 
their  services  been  orgainised  for  the  purpose  of  providing  a  reinforced  concrete 
substitute,  could  have  produced  more  satisfactory  results  at  a  less  cost,  and 
instead  of  disfiguring  the  country  might  have  been  establishing  a  permanent 
industry  in  this  district  and  ridding  some  of  our  valleys  of  their  unsightly 
rubbish  heaps. 


2^-6 


REPORT  OF  THE  JOINT  COMMITTEE. 


REPORT  OF  THE  JOINT  COM. 
MITTEE  OF  THE  AMERICAN 
CONCRETE  INSTITUTE  AND 
PORTLAND  CEMENT  ASSO- 
CIATION ON  CONCRETE 
BARGES   AND   SHIPS. 


The  follonving  concluding  pari  of  the  Report  prepared  by  the  Joint  Committee  mentioned 
above  puts  foriuard  a  tentative  design  for  a  concrete  barge,  and  refers  generally  to  design 
questions-  — ED. 


TENTATIVE  DESIGN   FOR  A  CONCRETE   BARGE. 

Boats  or  ships  devoted  to  carryings  of  cargo  may  be  divided,  for  the  purpose  of 
this  report,  into  tvi^o  g^eneral  classes  :  those  adapted  to  use  in  still  waters,  such 
as  harbours,  rivers,  and  oanals ;  and  those  adapted  for  use  at  sea,  in  which 
provision  must  be  made  for  wave  action. 

Your  Committee  devoted  much  thoug;ht  and  study  to  the  question  of  what 
type  of  ship  would  be  most  suitable  for  study  at  this  time. 

Ships  for  use  in  still  water  do  not  present  the  same  problems  of  construc- 
tion as  do  ships  for  ocean  service.  Owing-  to  the  need  of  barg-es  of  from  loo 
to  150  ft.  in  leng-th  for  use  on  the  canals  of  New  York  .State,  it  was  your 
Committee's  first  thoug-ht  to  devote  study  at  this  time  to  the  design  of  a  barge 
which  would  be  suitable  for  this  service.  After  considerable  study  and  discus- 
sion with  various  naval  architects,  including  the  firm  of  Cox  and  Stevens,  of 
New  York,  who  were  retained  by  your  Committee  in  an  advisory  capacity,  it 
was  deemed  advisable  to  abandon  the  study  of  a  small  still  water  barge  for 
the  reason  that  while  such  a  study  might  result  in  considerable  information  as 
to  the  best  method  of  construction  and  dead  weight  ccnipared  to  di.^placement, 
the  problem,  which  is  of  vital  Importance  to  solve  at  this  time^ — namely,  whether 
or  not  concrete  can  be  adapted  for  ships  necessary  for  trans- Atlantic  and  coast- 
wise service  as  well  as  possible  service  on  the  Lakes — would  remain  unsolved, 
and  little  or  no  information  would  be  obtained  bearing  on  this  phase  of  tJhe 
question.  It  was  therefore  decided  to  devote  the  studv  to  a  ship  of  the  sea- 
going type.  In  order  to  simplify  the  problem  as  far  as  possible  without 
omitting  any  essential  elements,  it  v.  as  decided  to  select  a  barge  to  be  towed 
rather  than  a  self-propelled  ship.  This  would  eliminate  all  consideration  of 
weight  of  all  boilers  and  engines  excepting  such  as  would  be  required  for 
auxiliary  hoisting  machinery.  Because  of  the  fact  that  so  little  is  known 
reg-arding  the  concrete  ship  it  was  deemed  advisable  to  keep  the  ship  as  small 
as  possible.  It  was  thought  at  first  to  limit  the  size  to  an  assumed  carrying 
capacity  of  1,000  tons  or  less. 

After  many  conferences  by  your  Committee  with  its  consulting  naval  archi- 
tects it  was  decided  to  increase  the  capacity  to  about  2,000  tons,   it  being  the 
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decided  opinion  of  the  naval  architects  that  a  ship  smaller  than  2,000  tons 
would  have  little  commercial  value  after  the  war,  although  during-  the  war  it 
would  probably  prove  successful. 

In  the  absence  of  any  reliable  data  as  to  the  relation  between  dead  weight 
and  displacement  for  concrete  ships  an  assumption  was  made  that  the  dead 
weight  would  be  approximately  55  per  cent,  of  the  displacement  for  the  pro- 
posed tentative  barge.  Upon  this  supposition  the  consulting  naval  architects 
laid  out  the  lines  for  the  proposed  ship.     The  dimensions  are  as  follows  : — 

Ft.    In. 

Length    (over   all)   227     6 

Length  between  perpendiculars  220     o 

Beam     4-     o 

Depth    23     o 

Loaded  draught  18     o 

The  hull  was  given  lines  such  as  vvoiild  provide  maximum  carrying  capacity 
and  still  permit  reasonable  towing  and  adequate  control.  At  an  i8-ft.  draught 
the  displacement  will  be  about  3,675  tons,  at  19-ft.  draught  the  displacement 
will  be  about  3,860  tons. 

The  general  dimensions  of  the  barge  and  the  lines  are  indicated  in  the 
diagrams  on  page  260.  It  should  be  noted  that  the  mid-ship  section  of  the 
hull  is  rectangular  with  the  exception  of  a  slight  crowning  of  the  deck  and  a 
slight  inclination  of  the  bottom  upward  toward  the  bilges  Cdead  rise).  The 
deck  is  straight  throughout  and  continuous  from  stem  to  stern.  The  ship  is 
divided  into  five  compartments  by  four  transverse  bulkheads,  the  foremost  and 
aftermost  compartments  are  to  be  used  for  tanks  and  ballast,  while  the  three 
centre  compartments  are  for  cargo.  The  carg-o  compartments  served  by  three 
hatches,  each  about  14  ft.  by  19  ft. 

DESIGN. 

As  has  already  been  noted,  the  actual  stresses  in  the  structural  members  of 
a  cargo  ship  are  not  usually  computed,  but  sections  are  adopted  vvhich  long 
experience  has  shown  to  be  safe. 

After  consultation  with  the  naval  architects  it  v.as  thought  desirable  to 
take  as  a  criterion  a  steel  ship  designed  in  accordance  with  the  rules  as  laid 
down  by  Lloyd's,  and  provide  equivalent  strength  in  reinforced  concrete,  with 
such  modifications  as  the  difference  in  material  would  make  necessary. 
Assuming  that  the  concrete  for  the  ship  would  be  poured  as  in  a  concrete 
building,  a  limit  of  3  in.  was  placed  upon  the  thickness  of  the  concrete,  as  that 
was  considered  the  minimum  thickness  that  can  be  poured  satisfactorilv. 

The  question  of  weight  being  vital  in  the  design  of  a  concrete  ship,  it  was 
deemed  desirable  to  assume  a  concrete  of  high  crushing-  and  shearing  strength. 
A  concrete  of  one  part  Portland  cement  and  one  part  carefully  selected  sand 
and  tAvo  parts  selected  gravel  (about  ^  in.)  was  decided  upon,  which,  if  properly 
mixed,  should  give  an  ultimate  crushing  strength  in  excess  of  3,000  lbs.  per 
sq.  in.  The  stress  in  the  concrete  in  extreme  fibre  was  limited  to  1,000  lbs. 
per  sq.  in.  In  order  to  reduce  the  danger  of  cracking  the  concrete  in  extreme 
fibre  a  large  percentage  of  =teel  was  assumed  with  a  resulting  k:)w  tensile  stress. 
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For  a  ship  of  the  same  size  Lloyd's  rules  require  that  the  ribs  or  frame 
be  placed  24  in.  on  centres.  This  was  deemed  too  close  for  economical  use  of 
concrete,  and  a  spacing-  of  4  ft.  was  adopted,  making-  the  resistmg  moment  of 
each  frame  at  all  points  equivalent  to  twice  the  resisting  moment  of  one  frame 
in  the  steel  ship.  In  determining-  the  strength  of  the  frames  of  the  steel  ship 
as  fixed  by  Lloyd's  rules  no  allowance  was  made  for  ihe  effect  of  the  tank  top 
(floor  of  the  hold)  or  of  the  bottom  plating.  Assuming  a  spacing  of  frames  of 
4  ft.  and  .a  resisting  moment  equivalent  to  two  frames,  under  Lloyd's  rules  the 
floor  plate  or  transverse  girder  supporting-  the  ship's  bottom  was  found  to 
require  a  concrete  girder  36  in.  deep  and  10  in.  wide,  including  the  bottom 
slab. 

To  provide  for  the  negative  and  positive  bending-  moment  in  the  shell,  two 
lines  of  reinforcement  was  assumed — one  near  the  outer  surface  and  one  near 
the  inner  surface.  The  load  being-  uniform,  the  positive  bending  moment  at 
the  centre  between  frames  will  be  approximately  one  half  of  the  neg-ative 
bending  moment  at  the  fram.es.  Two-thirds  of  the  total  amount  of  steel  was 
therefore  provided  near  the  outer  surface  and  one-third  near  the  inner  surface, 
all  the  bars  being  straight,  it  being  considered  impractical  to  bend  the  bars. 
From  the  lower  turn  of  the  bilge  up  to  the  deck  one  size  of  bar  was  assumed, 
with  variable  spacing  to  meet  the  required  streng-th  at  different  depths.  The 
thickness  of  the  shell  from  the  upper  turn  of  the  bilge  to  the  rail  was  fixed  at 
4  in.  To  provide  adequate  strength  against  "  hogging  "  or  "  sagging 
tension  steel  to  the  extent  of  140  sq.  in.  was  provided  in  both  deck  and  bottom. 
This  steel  was  considered  also  as  providing  reinforcement  for  local  stresses  in 
the  bottom  due  to  hydrostatic  pressure  and  in  the  deck  due  to  load.  It  was 
placed  in  two  layers  to  take  up  both  negative  and  positive  moments,  two- 
thirds  being  near  the  outside  surface  and  one-third  near  the  inner  surface. 
Since  this  steel  will  be  subject  to  compression  as  well  as  tension,  the  two 
layers  were  securely  tied  together  to  prevent  buckling.  To  provide  adequate 
protection  to  the  steel,  and  also  to  provide  sufficient  area  in  concrete  to  take 
up  the  compression  stresses,  the  thickness  of  the  bottom  up  to  the  upper  turn 
of  the  bilge  was  made  5  in.  The  deck  between  the  bulwark  and  the  line  of  the 
hatch  coamings  was  made  5  in.  also.  The  deck  between  hatches  and  within 
the  lines  of  the  hatch  coamings  was  made  3  in.  thick.  The  deck  itself  not 
being  sufficient  to  provide  sufficient  area  in  concrete,  additional  area  was  added 
at  the  junction  of  the  deck  and  the  sides,  where  it  would  also  tend  to  increase 
the  resistance  to  horizontal  shear,  which  would  be  high  at  that  point. 

In  the  bottom  three  longitudinal  members  running  from  bow  to  stern  were 
provided — one  on  the  centre  line  and  one  at  each  lower  turn  of  the  bilge.  These 
longitudinals,  or  "  keelsons,"  g-ive  longitudinal  stiffness,  assist  in  distributing 
the  load  due  to  dry-docking,  and  provide  additional  area  for  hogging-  and 
sagging  stresses. 

The  vertical  frames  in  the  sides  were  made  7  in.  wide  and  17  in.  deep, 
including  the  shell,  and  an  equivalent  in  strength  to  steel  frames  under  Lloyd's 
rules.  At  the  junction  between  the  floor  plate  and  the  side  frames  a  heavy 
gusset  is  provided  to  give  additional  strength  at  that  point.  A  similar  gusset 
is  provided  between  the  side  ribs  and  the  deck  beam.      This  gussci  is  increased 
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in  size  at  the  beams  at  hatch  ends.  The  deck  along-  the  centre  Une  is  supported 
by  means  of  posts  at  the  ends  of  each  hatch  and  at  alternate  deck  beams 
between  hatches. 

The  bulkheads  consist  of  4-in.  slab  reinforced  near  both  surfaces  and 
stiffened  by  reinforced  ribs  20  in.  in  depth  over  iill  and  7  in.  wide,  spaced  4  ft. 
on  centres. 

The  g-cneral  features  of  the  concrete  design  are  indicated  in  the  diag^rams 
on   pag-e  260. 

ESTIMATE   OF    QUANTITIES  AND  WEIGHTS. 

A  conservative  estimate  of  quantities  required  for  the  proposed  barg-e  g'ives 
the  following-  :  — 

Concrete      731  cu.  yds. 

Steel     482,000  lbs. 

Yellow  Pine  Timber  for  floor  of  hold .. .      30  M'  b.m. 

Oak  Timber  for  fender  and  rail 15   M'  b.m. 

Taking-  the  weig-ht  of  concrete  at  144  lbs.  per  cu.  ft.,  v.  eight  of  steel 
490  lbs.  per  cu.  ft.,  and  wtig^ht  of  wood  48  lbs.  per  cu.  ft.,  and  making-  an 
allowance  of  seventy-seven  tons  for  deck  machinery,  anchors  and  chains,  spars, 
water  tanks,  and  deck  houses,  the  total  vreight  of  ship  would  be  1,647  tons. 
Taking-  the  displacement  of  18  ft.,  draug-ht  at  3,675  tons,  the  carryings  capacity, 
or  dead  weight,  would  be  2,028  tons.  Assuming-  ig  ft.  draught,  the  displace- 
ment would  be  3,860  tons  and  the  dead  weight  capacity  2,213  tons. 

COST. 

Assuming  sand,  stone,  cement,  and  reinforcing  steel  at  current  prices,  the 
cost  of  the  hull  (exclusive  of  any  equipment  such  as  deck  houses,  spars,  anchors 
and  chains,  engines,  boilers,  and  tanks)  would  apprcxim.ate  $118,000. 
Assuming  the  construction  of  ways  which  could  be  used  for  the  construction 
of  five  or  more  ships,  the  cost  of  ways  per  ship  would  approximate  $8,000, 
making  a  total  cost  of  the  hull  (exclusive  of  equipment)  $126,000. 

Based  on  the  figures  noted  above,  the  cost  of  the  hull  per  ton  of  dead 
weight  would  approximate  $63.  Owing  to  a  Avide  range  in  costs  of  steel 
and  wooden  ships  of  the  same  character,  it  is  somewhat  difficult  to  arrive  at 
anything  approaching  a  definite  estimate  for  steel  or  wood  ships.  The  best 
figures  available  seem  to  indicate  that  the  cost  of  steel  hull  per  dead-weight  ton 
ranges  from  Sgo  to  $120,  while  the  cost  of  a  wooden  hull  ranges  from  $70  to 
$100. 

OTHER  TYPES  OF  CONCRETE   SHIPS. 

The  designs  of  various  other  types  of  ship  in  which  reinforced  concrete  has 
been  proposed  either  alone  or  in  combination  with  structural  steel  were 
examined  by  our  Committee. 

In  some  of  these  designs  cellular  sides  and  bottoms  are  proposed. 
Although  double  side  and  bottoms  in  ships  have  distinct  advantages,  when  the 
material  is  concrete  such  a  design  appears  out  of  the  question  not  only  because 
of  the  considerable  increase  in  weight,  but  also  because  of  the  added  complica- 
tion to  the  form  work,  already  a  large  item  in  the  cost  of  a  concrete  ship. 

Designs  have  been  proposed  in  which  structural  steel  members  are  used  as 
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reinforcement.  While  such  members  assist  somewhat  in  maintaining  the  lines 
of  the  ship  during-  the  construction  of  the  form  work,  the  added  advaotages 
can  hardly  offset  the  increased  cost  due  to  the  fabricated  steelwork  and  the 
inefficient  use  of  the  reinforcement. 

One  design  has  been  proposed  in  which  structural  steel  members  are  used 
to  support  a  shell  of  reinforced  concrete.  While  the  claim  is  made  that  a  ship 
can  be  built  of  the  proposed  design  with  only  about  one  half  the  steel  used  in 
a  steel  ship  of  the  same  capacity,  .and  at  much  greater  speed  of  construction, 
the  difficulty  of  making  the  two  materials  act  together,  thus  avoiding  cracks, 
makes  the  design  as  proposed  of  doubtful  value. 

Your  Committee  feels  that  it  is  not  its  function  at  this  time  to  prepare  any 
detailed  plans  for  a  concrete  vessel.  It  is  manifestly  impossible  to  design  a 
type  of  vessel  that  will  be  applicable  to  all  classes  of  service.  A  barge  for  use 
on  the  canals  of  New  York  would  not  be  an  efficient  t}pe  for  use  in  harbours 
or  on  the  Ohio  or  on  the  Mississippi. 

\'essels  heretofore  built  have  demonstrated  that  the  small  barge  for  still- 
water  service  can  be  built  and  successfully  operated.  The  solution  of  the  larger 
problem  of  a  concrete  ship  will  include  the  solution  of  smaller  vessel  problem, 
in  which  questions  of  strength  are  not  of  the  same  prominence. 

Although  there  are  some  questions  regarding  the  concrete  ship  which  can 
only  be  answered  by  actual  experiment,  the  studies  which  your  Committee  has 
made  point  to  the  commercial  success  of  the  concrete  ship. 

Your  Committee  suggests  that  specifications  for  a  concrete  vessel  should 
embody  the  following  principles  :  — 

1.  Both  cement  and  aggregates  should  be  selected  with  great  care,  lo 
insure  a  concrete  of  maximum  efficiency. 

2.  The  concrete  should  be  placed  in  one  continuous  operation,  to  insure 
monolithic  construction.  The  concrete  mixture  should  be  such  as  will  develop 
a  crushing  strength  in  excess  of  3,000  lbs.  per  sq.  in.  when  tested  in  standard 
cylinders  at  twenty-eight  days.  A  concrete  consisting  of  one  part  Portland 
cement,  one  part  sand,  and  two  parts  ^-in.  aggTegate  may  be  expected  to 
give  such  a  concrete.  The  mixture  and  workmanship  in  placing  must  be  such 
as  will  assure  impermeability. 

3.  The  reinforcing  steel  should  be  in  the  form  of  deformed  bars  and  should 
be  galvanised. 

4.  In  parts  of  the  vessel  where  cracks  in  the  concrete  would  tend  to  cause 
leaks  the  stress  in  the  steel  should  be  kept  low  (preferably  less  than  12,000  lbs.). 

5.  Some  form  of  elastic  waterproofing  coating  should  be  applied  to  the 
hull  below  the  deck. 
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By  THOMAS  POTTER. 

A  Practical  Guide  to  the  General  Use  of  Concrete. 

{Coiifiitited) 

The  first  three  articles  of  this  series  appeared  in  oar  February,  March  and  April  issues.— ED. 


X. 

THE  COST  OF  CONCRETE— SHRINKAGE. 

The  cost  of  concrete  will  be  larg-ely  affected  by  the  question  as  to  whether  a 
suitable  agg-regate  is  available  on  or  in  the  vicinity  of  the  site,  this  applying-  to 
both  coiarse  and  fine  aggreg-iate,  as  the  cost  of  transport  will  be  a  serious  con- 
sideration when  the  material  has  to  be  obtained  from  a  distance.  The  market 
price  of  Portland  cement  will  need  to  be  taken  into  account,  while  w^ater  is  also 
a  matter  for  consideration.  The  cost  of  labour  is  so  uncertain  at  the  present 
time  and  in  the  future  that  am  .approximate  estimate  even  would  probably  be 
misleading^ — it  depends  on  so  many  circumstances.  The  writer  never  found 
any  difficulty  in  making-  friendly  arrang-ements  with  farmers  in  ag^ricultural 
districts  for  the  loan  of  some  of  their  workmen  when  not  too  busy,  and  when 
so  employed  an  extra  sixpence  a  day  above  their  usual  wages — for  work  of  this 
description  is  laborious — was  well  laid  oiit.  Obviously  a  foreman  who  has  had 
some  experience  i'n  the  use  of  concrete  is  a  sine  qua  non;  for  work  of  an 
unpretentious  and  straig-htforward  character  it  is  possible  he  ma}'  be  employed 
for  a  fixed  period  only  to  teach  one  of  the  more  intellig-ent  workers  the 
elementary  knowledge  required  to  take  his  place — one  possessing  the  desirable 
qualifications  of  common  sense  and  the  careful  handling  of  men  and  materials. 
With  practice;  the  agricultural  labourer  of  the  better  class  is  by  no  means 
deficient  in  these  essentLals,  and  some  have  developed  to  become  expert 
practitioners,  and  eventually  supervised  important  concrete  construclional  work 
elsewhere.  As  a  rule  he  has  no  opportunity  of  bettering  his  position  ;  concrete 
practice  enables  him  to  do  so  at  times. 

An  important  element  in  cost  is  what  is  known  as  shrinkag-c  ;  not  that  any 
of  the  materials  employed  expand  or  contract  in  themselves,  but  the  addition 
of  water,  the  intermixing  of  the  ingredients  by  the  shovellers,  and  the  tamping 
or  punning  they  undergo  while  being  deposited  in  place  cause  them  to  interlock 
and  slide  into  a  dense  or  homogenic  condition,  and  as  a  result  to  occupy  less 
space  than  previous  thereto.  Neither  lime  nor  cement  increases  the  bulk ;  their 
particles  fill  up  the  interstices  too  large  for  the  sandv  portions  of  the  aggregate 
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to  effect.  This  shrinkage  depends  a  good  deal  on  the  form  of  the  aggregate — 
i.e.,  Avhether  it  is  of  a  round  or  pebbly  shape  or  of  that  of  rough  cubes  with 
their  angles  end  corners  knocked  off  similar  to  when  produced  by  a  steam 
crusher.  The  shrinkage  in  the  latter  case  is  considerably  less  than  in  the 
former. 

Many  years  since  Professor  Hayter  Lewis,  with  a  view  to  ascertaining  the 
amount  of  shrinkage,  said,  in  a  paper  he  read  on  the  subject,  that  he  v/as  present 
where  a  test  was  made  with  six  parts  of  Thames  ballast  as  received  and  one 
part  of  ground  lime,  and  the  result  was  no  shrinkage.  On  the  other  hand, 
Mr.  Goodwin,  who  built  some  large  warehouses  in  Southwark  Street  of 
concrete  made  of  similar  materials  and  in  similar  proportions,  found  the 
shrinkage  to  amount  to  15  per  cent.  Messrs.  Cubitt  and  Co.  stated  that  their 
experience  was  similar  thereto,  and  Messrs.  Lucas  that  gravel  excavated  for 
the  foundations  of  Covent  Garden  Theatre  shrank  4  per  cent,  and  Thames 
ballast  6  per  cent.  The  formula  of  the  London  County  Council — Thames 
ballast  or  pit  gravel  none  larger  than  will  pass  a  f-in.  mesh,  with  a  certain 
proportion  of  sand  added  thereto  and  included  in  the  measurement- — is  said  to 
shrink  20  to  33  per  cent.,  an  important  item  in  a  large  contract.  In  a  general 
way  concrete  m.ade  with  coke  breeze,  boiler  ashes,  and  crushed  brick  and  tile 
yard  debris,  and  similar  materials,  may  be  assumed  to  shrink  10  to  15  per  cent, 
when  w^et  and  15  to  20  when  dry.  It  may  happen  at  times  that  the  aggregate 
is  delivered  in  carts  sup]X5sed  to  hold  a  cubic  yard,  but  which  is  not  always  the 
case,  and  which  will  help  in  a  measure  to  account  for  these  and  similar 
discrepancies. 

KXP.WSIOX    AXD    CONTRACTION. 

All  building  materials  expand  and  contract  with  temperature  clianges.  and 
the  reason  for  these  not  being  noticeable  in  brick  and  stone  walls  is  that  their 
innumerable  mortar  joints  enable  the  change  of  form  to  be  so  distributed  as  to 
be  unnoticeable.  Monolithic  concrete  walls,  however,  being  of  the  nature  of 
a  single  stone,  are  liable  to  develop  vertical  cracks  at  intervals  when  the 
temperature  falls  and  which  close  when  it  rises.  These  are  not  so  apparent  in 
the  walls  of  cottages  and  other  building-s  ex}X)scd  on  one  side  onlv,  but  are 
more  frequent  where  the  walls  are  exposed  on  both  sides.  Stopping  the  cracks 
with  cement  is  of  no  avail;  they  recur  again  and  again.  In  the  first  building  I 
erected  man\-  years  since,  and  without  any  previous  knowledge  of  concrete,  I 
inserted  in  the  walls  a  considerable  quantity  of  iron  hoop  under  the  mistaken 
impression  that  the  concrete  alone  would  be  of  insufficient  strength  otherwise, 
but  the  result  of  which  was  that  they  have  always  been  free  of  temperature 
cracks,  as  explained  in  Chapter  Y.  In  Reid's  "Practical  Treatise  on 
Concrete,"  published  in  1869 — the  first  of  its  kind  published  in  this  country — 
no  mention  is  made  of  shrinkage,  and  in  a  well-knowTi  builders'  price  book 
for  the  same  year  concrete  is  said  to  require  the  aggregate  and  cement  to  be 
each  measured  separately,  and  these  added  together  will  give  the  actual  measurc- 
menr  of  the  concrete  when   in  placx? — a  fallacious  statement. 

CONDUCTIVITY  AND    CONDENSATION. 

It  was  a  general  opinion  at  one  time  that  concrete  walls  were  colder  than 
brick  walls,  but  the  result  of  experiments  made  by  the  I'nited  States  Govern- 
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ment  was  that  houses  with  concrete  walls  were  5  to  lo  per  cent,  warmer  hi 
winter  and  cooler  in  summer  than  brick  houses  similar  in  size  and  otherwise. 

Concrete  walls  when  plastered  are  as  a  rule  considered  to  Idc  more 
susceptible  of  condensation  than  brick  walls,  but  this  has  not  been  my  experi- 
ence after  twenty  years"   occupation. 

For  three  months  after  erection  there  was  occasional  evidence  of  condensa- 
tion, but  at  no  time  afterward.  The  water  contained  in  concrete  must 
evapoiate  externally,  the  result  of  wind  .and  sunshine,  and  internally  the  result 
of  domestic  fires  and  air  currents,  and  until  this  is  effected  the  normal  tempera- 
ture of  concrete  walls  is  not  complete. 

The   result  of   a  late  special  inquiry   to  a   number   of   labourers   who  have 

occupied  concrete  cottages  for  many  years  was  that  in  every  case  "  no  sw^eating 

of  the  walls  ever  occurred,   although  no  fires  were  used  in  bedrooms  except  in 

illness." 

These  cottages  are  in  the  south  of  England  ;  in  the  north-western  counties 

and  Wales,  where  the  atmosphere  is  more  humid,   it  may  be  different. 

SOLXD. 

It  is  sometimes  assumed  that  concrete  walls  and  suspended  concrete  floors 
are  soundproof,  but  they  are  very  much  otherwise  owing  to  their  density,  a 
matter  of  not  much  consequence  in  cottages  and  other  buildings,  but  an 
objection  in  some  cases.  There  is  no  practical  remedy  for  this  except  to  build 
party-walls  and  partitions  hollow  by  means  of  2-in.  slabs  tied  together  with 
galvanised  iron  ties  and  having  a  2-in.  cavity  forming  an  air  space  between, 
and  in  suspended  overhead  floors  by  hanging  metal  lathing-  fo'-  the  plastered 
ceilings  an  inch  or  two  beneath. 

XI. 

CAST  CONCRETE. 

Cast  concrete,  as  its  name  implies,  is  concrete  poured  or  placed  in  wood  or 
iron  moulds,  and  includes  blocks  and  slabs,  as  described  in  Chapter  \T. 

In  a  general  way  it  applies  to  lintels,  door  sills  and  steps,  posts,  window 
sills,  cattle  mangers,  water  troughs,  wall  copings,  and  numerous  other  things 
that  in  country  districts  more  especially  have  hitherto  been  made  of  wood  or 
stone.  The  manufacture  of  these  and  ornamental  and  architectural  products 
has  become  a  special  business,  and,  although  castings  of  a  simple  character  can 
be  made  on  the  site,  it  is  often  better,  where  a  limited  quantity  is  required,  to 
purchase  them  direct  from  the  manufacturers  and  save  the  cost  of  moulds  and 
the  possibility  of  failure.  The  great  advantage  is  that  concrete  castings  will 
not  rot  like  wood,  rust  like  iron,  or  become  affected  by  severe  climatic  changes. 

Either  the  wet  or  dry  process  can  be  adopted,  but  in  a  general  way  the 
wet  is  the  most  suitable,  as  it  results  in  concrete  which  is  harder  and  more 
waterproof  than  that  made  by  the  dry  method.  An  excess  of  water  with  a 
view^  of  obtaining  smoother  surfaces  should  be  avoided.  If  the  dry  process  is 
preferred  the  description  in  Chapter  VI.  applies,  and  any  of  the  aggregates 
named   in   Chapter  I.    arc  suitable  except  clinker  and  chalk. 
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When  the  castings  will  be  subject  to  foot  wear,  such  as  door  sills  and 
steps,  the  pallets  and  sides  of  the  moulds  corresponding  therewith  which  will 
be  exposed  to  wear  or  be  in  sight  should  have  f-in.  in  thickness  of  cement 
and  granite  sand  1—2  or  i — 3  applied  thereto  and  upon  which  and  against 
which  the  aggregate  is  placed,  the  Latter  being  graded  from  i-in.  mesh  down 
to  coarse  sand  size  an<J  less  for  small  castings,  down  to  coarse  sand  size 
entirely. 

LINTELS. 

Fig.  6  is  a  plan  of  a  wood  mould  for  making  three  lintels  at  .a  time,  but 
any  number  can  be  arranged  for.  The  sides  and  ends  may  be  i|  in.  thick  or 
as  may  be  necessary,  and  the  divisions  the  same.  The  pallets  or  loose  bottoms 
should  fit  in  somewhat  slack,  to  provide  for  swelling,  and  be  strong  enough  to 
bear  the  weight  of  the  lintels  without  deflection  when  removed.  The  mould 
should  be  held  together  by  clamps  or  cleats  sufficiently  strong  to  prevent  the 
concrete  from  pushing  any  portion  out  of  place.      If  smooth  soffits  and  face  are 


,=U 


Fig.  6.     Lintkl   Motld. 


required  a  thiii  coat  of  cement  and  sand  should  be  applied  to  one  side  of  the 
pallet.  For  lintels  4  ft.  in  length  and  6  in.  in  depth  two  |-in.  iron  rods  should 
be  embedded  in  the  concrete  an  inch  from  the  bottom  and  an  inch  from  either 
face,  and  for  lintels  4  ft.  to  6  ft.  in  length  and  9  in.  in  depth  three  rods  should 
be  inserted,  one  midway  between  the  two  outside  ones,  the  ends  being  slight]}' 
bent.     No  iron  embedded  in  concrete  should  be  painted. 

The  rods  will  not  be  likely  to  slip  in  the  concrete  owing  to  the  heavy  load 
they  have  to  support  as  the  adhesion  betw-een  a  plain  steel  rod  and  the  concrete 
in  which  it  is  embedded  can  safely  be  taken  at  100  lb.  per  square  inch  of  the 
surface  of  the  steel,  this  being  the  working  stress  which  is  permissible 
according  to  the  report  of  the  R.I.B.A.  Committee  and  the  Regulations  of  the 
London  County  Council,  and  a  f-in.  rod  would  therefore  resist  a  pulling  strain 
of  over  100  lb.  i>er  lineal  inch. 

In  fixing-  lintels  in  a  building  it  sometimes  occurs  that  careless  workmen 
place  the  soffit  uppermost,  whereby  the  entire  assistance  of  the  reinforcing  rods 

266 


CONCRETE  SIMPLIFIED. 

is  lost.  If  an  iron  stamp  with  the  letters  "  top  "  is  impressed  in  the  soft 
cement  top  while  the  concrete  is  being-  filled  in  it  at  once  discloses  an  error 
by  looking-  up  at  the  lintel  \\hen  fixed. 

WINDOW    SILL. 

Fig.  7  is  a  section  of  a  wood  window  sill  mould.  .4  is  a  bearer  about  3  in.  x 
i^  in.  ;  one  is  required  at  each  end  of  the  proposed  sill ;  B,  a  stop  3  in.  x  i  J  in., 
firmly  fixed  to  ^  ;  B  on  the  opposite  side,  4  in.  x  i^  in.  ;  D,  the  bottom,  i|  in. 
thick,  E,  fixed  side,  1}  in.  thick,  nailed  to  D ;  EE,  loose  side,  i^  in.  thick;  CO, 
f  in.  linings  in  narrow  widths  nailed  to  block  H,  one  .at  each  end  and  one  in  the 
centre  of  the  mould,  to  D  and  E.  A  groove  for  an  iron  tong^ue  is  made  in  D 
and  a  piece  of  bar  iron  placed  in  same,  i  in.  x  |^  in.  ;  M,  folding  wedges  to  bring 
the  side  EE  tightly  against  the  bottom,  D.  Use  a  little  cement  and  sand  about 
i  in.  thick  to  take  the  place  of  the  same  amount  of  concrete  along  the  under- 
side and  outer  edge  of  the  sill  to  form  .a  smooth,  hard  surface.  The  water 
groove  can  be  formed  in  the  cement  with  a  piece  of  sheet  iron  cut  to  the  shape 
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Fig.  8.     Coping  Mould. 

and  fixed  to  a  gauge  stick  worked  from  the  side  of  the  mould.      Wood  ends  can 
be  fixed  with  clamps  or  attached  with  wood  screA\s. 

\\  hen  hard  enough  to  move  turn  the  mould  carefully  over,  block  up  the 
ends  about  an  inch,  and  provide  sawdust  or  some  material  of  a  soft  nature  for 
the  sill  to  drop  on,  and  gently  tap  the  mould  with  a  hammer  until  the  casting 
falls  away.  The  iron  tongue  will  be  found  firmly  fixed  in  the  concrete  and  is 
for  the  purpose  of  forming  a  water  check  by  means  of  a  corresponding  groove 
in  the  wood  window  frame. 

COPING   MOULD. 

Eig.  8  is  a  wood  mould  for  a  limited  numl)er  of  wall  copings; 
.4,    a  3  in.  X  2    in.    bearer,  one  at   each    end   of   the    mouki ;    BB,    side    pieces 
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nailed  firmly  thereto;  CC,  folding-  wedges;  DD,  ij  in.  sides  of  the  width 
necessary;  EE,  ledges  about  4  in.  x  i|-  in.,  to  which  the  bottom  boards, 
FF,  are  nailed  ;  HH,  f-in.  boards  fixed  to  blocks  GG.  Wood  ends  can  be  fixed 
with  wood  clamps  or  screws,  as  previously  described,  and  the  casting  released 
in  a  similar  way. 

IROX   COPIXG   MOULD. 

Fig.  9  shows  a  mould  for  copings  where  a  large  nujnber  are  required. 
The  sides  and  ends  are  1^  in.  thick  mortised  and  tenoned  together  to  form  a 
kerb  without  a  bottom.  .4^4.4  are  the  sides  and  ends,  i|  in.  thick;  BB,  cast- 
iron  patterns  or  bottoms,  about  J  in.  thick,  in  halves  and  butted  together 
in  the  centre ;  DD,  vvedg-es  passing-  throug^h  mortises  in  the  ends  to 
keep  the  mould  rigid ;  and  FF,  mortises  in  the  ends  with  corresponding-  tenons 
on  the  sides. 

At  each  end  a  sheet  iron  template  lo  the  exact  section  of  the  coping- 
rests    upon    the  iron  bottoms,    BB,   and    this    is    kept    in    place   by  wood    stops 


Fig    9.     Iron  Coping  Mould. 

screwed  to  the  sides  of  B  or  in  any  other  way  that  may  be  found  convenient. 
As  no  water  comes  in  contact  with  the  wood  the  moulds  will  provide  for  almost 
an  indefinite  number  of  castings. 

When  the  castings  have  been  removed  the  moulds  should  be  at  once 
cleaned  with  a  hard  brush  and  small  imperfections  in  the  casting  made  good 
with  cement.  Before  the  skim  coat  or  granitic  bottoming-  is  applied  a  thin 
brush  over  of  oil  and  paraflfin  or  Leeds  grease  should  be  g-iven  and  time  allowed 
for  it  to  penetrate  if  a  wood  mould  and  cleaned  off  if  iron.  The  concrete  should 
be  gently  tamj>ed  or  punned  as  it  is  being  deposited  in  the  moulds  and  care 
taken  with  all  £ing"les  and  arrises  that  thev  possess  no  cavities  to  avoid  imperfec- 
tions in  the  casting's  Avhen  liberated. 

These  illustrations  and  instructions,  in  conjimction  whh  those  contained  in 
Chapter  XII.,  should  afford  all  that  is  necessary  for  making  moulds  for  ordinary 
plain  castings.  The  more  practice  workmen  have  with  this  class  of  work  the 
more  efficient,  obviously,  they  become,  and  good  country  carpenters  and  thi.^ 
bette--  class  of  country  labourers  take  more  interest  in  work  of  this  kind,  and  in 
concrete  g^enerally,  than  ordinary  town  labourers,  so  far  as  my  experience  goes. 

{To  be  continvcd.) 
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DESIGN  AND  CONSTRUCTION  OF  PARTITIONS. 


RECENT     VIEWS     ON    1 
CONCRETE    &    REIN- 
FORCED    CONCRETE. 


Recent  Papers  and  Discussions. 


It  is  oar  intention  to  publish  the  Papers  and  Discussions  presented  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
in  such  a  manner  as  to  be  easily  available  for  reference  purposes.     ED. 

THE  CONCRETE  INSTITUTE 

SOME  PRACTICAL  POINTS  IN  THE  DESIGN 
AND   CONSTRUCTION    OF    PARTITIONS. 

By  H.  L.  BARRACLOUGH. 

The  following  is  a  Paper  which  was  read  at  the  Concrete  Institute  on  March  21st, 
together  with  a  short  account  of  the  discussion  which  followed. 

INTRODUCTION. 

Like  many  other  things,  the  war  has  brought  partitions  into  an  almost  endless  number 
of  uses,  one  of  which  has  been  for  the  building  of  huts  and  houses.  Though  this  may 
be  new  to  some,  the  Avriter  ha^  been  concerned  in  the  building  of  schools  and  sanatoria, 
some  years  ago,  with  plaster  slabs,  cement  rendered  outside,  and  those  places  stand 
to-day  as  good  as  when  erected. 

Simple  as  it  may  seem,  the  erection  of  partition  slabs,  as  experience  has  proved, 
should  only  be  entrusted  to  the  hands  of  men  used  to  this  particular  class  of  work.  A 
badly  built-up  job  is  sure  to  develop  cracks  in  unthought-of  places,  the  blame  very 
often  being  fixed  on  the  manufacturer  of  the  particular  partition  slabs. 

There  are  several  kinds  of  partition  slabs  manufactured  and  on  the  markets — 
breeze,  pumice,  plaster  and  clay — each  of  which  has  its  special  claims. 


Plaster,  until  recently,  has  been  the  most  common  in  use,  and  has  many  advantages 
over  breeze  slabs.  Solid  plaster  slabs  are  light,  e?.sily  fixed,  with  little  or  no  waste 
in  erection.  \Mien  up  they  form  a  soUd  wall,  hygienic  in  all  ways,  as  every  possible' 
lodgment  for  dirt  and  vermin  is  effectually  closed  after  the  walls  have  been  plastered 
out,  and  are  fire  and  sound-resisting,  pro\aded  the  work  has  been  executed  by  skilled 
labour,  which  goes  largely  to  ease  the  question  of  after-cracks. 

My  opinion  is  that  hollow  plaster  slabs,  although  lighter,  have  some  objectionable 
features,  the  compressional  strength  of  the  slab  having  been  somewhat  destroyed 
through  the  apertures  ;  and  further,  if  spiking  is  resorted  to  for  fixing,  ver>^  often  the 
spikes  crack  the  slabs  when  being  driven  in,  and  generally  weaken  the  whole  wall. 

In  fixing  plaster  partition  slabs  it  is  essential  that  the  suction  should  be  destroyed 
by  applying  a  thin  cement  Avash,  and  that  they  should  be  well  bedded  in  plaster  in 
preference  to  spiking. 

It  is  preferable  that  all  slabs  used  for  partition  work  should  be  tongued  and 
grooved  horizontally  and  vertically,  and  in  fixing  the  grooves  should  be  placed 
upwards  and  the  joints  broken,  as  in  brickwork,  and  the  vertical  joints  carefully 
grouted  in  with  plaster,  both  where  they  join  up  to  the  door  frames  or  brick  walls  and 
where  they  butt  against  each  other.  \\'here  a  slab  has  to  be  cut  it  is  advisable  to 
form  a  groove  by  scooping  a  piece  out. 
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Plaster  slabs  have  been  successfully  used  for  external  works  fixed  on  wood 
framings  and  faced  with  tiles,  but  this  is  an  expensive  form  of  work,  and  if  not  carried 
out  by  experienced  labour  the  tiles  are  liable  to  come  off. 

A  well-known  firm  has  recently  introduced  a  plaster  slab  with  a  special  face  to 
receive  cement  rendering  for  external  work,  and  they  claim  that  it  will  withstand  the 
weather  for  twenty  years  without  being  re-rendered.  This  system  could  be  used  in 
conjunction  with  light  reinforced  concrete  piers  and  beams  or  wood  framing,  and  has 
the  advantage  of  being  a  very  rapid  construction.  Doors  and  windows  can  practically 
be  fixed  in  anv  position,  as  the  openings  can  easily  be  cut,  after  the  wall  is  up,  without 
much  danger  of  damaging  other  parts. 

The  foundation  need  only  be  9  in.  depth  of  good  concrete  under  the  wall,  weathered 
on  the  outside,  doing  aAvay  with  the  necessity  of  any  damp  course. 

BREEZE    SLABS. 

Breeze  partition  slabs  are  manufactured  by  several  finns,  in  various  sizes  and 
shapes.  They  are  light,  and  one  on  the  market,  to  my  knowledge,  affords  a  first-class 
key  for  fixing,  and  is  cast  with  an  indentation  with  horizontal  edges.  There  is  always 
a  danger  that  the  breeze  used  in  manufacturing  slabs  may  contain  sulphur,  which  will 
in  time  discolour  the  plaster  and  cause  it  to  scale  off  ;  and  where  the  partition  is  faced 
with  tiles  the  latter  will  crack  and  often  fall  off,  from  the  action  of  the  sulphur,  which 
seems  to  go  on  for  a  long  time,  thus  causing  much  annoyance  and  anxiety,  and  where 
used  it  is  advisable  that  the  slabs  should  be  obtained  only  from  a  firm  of  sound  repute. 

PUMICE. 

The  pumice  slab  is  a  veiy  light  form  of  construction,  convenient  to  handle,  and  is 
manufactured  from  pumice  and  volcanic  sand  (imported  into  this  country?  from  Italy) 
mixed  with  Portland  cement.  These  slabs  form  a  rigid  construction  when  up.  Nails 
can  readily  be  driven  into  them  and  take  a  good  hold,  doing  away  with  the  necessity  of 
plugging  for  fixing  skirtings  or  picture  rails. 

HOLLOW    TERRA-COTTA. 

The  hollow  terra-cotta  partition  tile  is  well  known  to  many,  and  can  be  obtained 
in  different  sizes  from  several  firms,  and  has  the  advantage  of  being  easily  handled.  It 
can  be  obtained  with  a  keyed  or  smooth  face,  and  is  being  used  just  now  extensively 
for  exterior  work.  It  is  easily  built  up,  the  horizontal  joints  being  bedded  with 
cement,  and  the  vertical  joints  grouted  up,  and  seems  to  be  quite  effective  in  with- 
standing the  weather,  but  it  has  only  come  into  prominent  use  for  this  purpose  recently, 
owing  to  the  present  shortage  of  other  materials,  and  it  remains  to  be  proved  what 
effect  time  will  have  on  it.  I  am,  however,  strongly  of  the  opinion  that  there  are 
several  points  in  its  favour  for  this  purpose,  being  cheaper  than  a  brick  wall  of  the 
same  thickness,  resists  the  damp  better  and  ensures  a  more  e^•en  temperature,  bui 
does  not  lend  itself  to  nailing.  Where  it  is  necessary  to  fix  skirtings  and  rails,  provision 
should  be  made  for  same  at  the  time  of  erection  by  carefully  inserting  plugs  in  the 
joints.  Should  this  not  be  done  at  the  time  of  erection,  and  it  is  found  necessary"  to 
fix  electric  fittings  or  hook  rails,  the  joints  should  be  cut  out,  and  a  plug  built  in,  as 
any  attempt  to  drive  a  nail  into  the  tile  is  generally  a  failure,  besides  being  liable  to 
break  the  face  of  the  whole  tile. 

CRACKS    IN    PARTITIONS. 

Those  of  us  who  have  had  to  do  with  partitions  know  only  too  well  that  they 
mostly  have  the  anno^dng  habit  of  showing  cracks  which  more  often  than  not  go 
right  through.     These  cracks  may  develop  from  either  of  the  following  causes  : — 

The  cracks  generally  occur  just  under  the  ceiling  or  near  walls  and  door  frames, 
or  at  top  comers  of  door  frames.  The  cracks  at  the  tops  or  by  the  walls  may  be 
caused  by  variation  of  temperature,  causing  expansion  or  contraction,  or  through  the 
supports  deflecting  or  settling.  Cracks  also  are  generally  to  be  found  on  top  storeys 
of  buildings  with  large  flat  roofs,  owing  to  the  expansion  of  the  flat  as  well  as  the 
partition,  and  up  to  the  present  I  have  not  seen  any  successful  method  of  stopping 
this  occurring  with  a  built-up  partition,  for  even  when  cut  and  carefully  filled  in  the 
cracks  will  readily  appear  again. 
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The  cracks  on  doors  are  particularly  noticable  when  the  jambs  project  a  few 
inches  above  the  frame,  and  this  is  caused  by  the  wood  frame  swelling,  through 
absorbing  the  moisture  from  the  partition  whilst  it  is  being  erected.  These 
can  generally  be  stopped  up  successfully  if  cut  out  and  filled  in,  after  the  partition 
has  had  time  to  dry  out,  and  will  not  appear  again,  provided  the  door  frames  are 
fixed  rigidly  enough  to  prevent  the  partition  from  being  shaken  when  the  door  is  shut 
quickly.  The  best  remedy,  however,  is  to  prevent  this  by  stopping  the  door  jambs 
ofi  flush  and  carrying  the  partition  over  in  one  slab. 

POSITION    OF   PARTITIONS. 

The  position  of  a  partition  is  too  often  left  to  be  settled  after  the  floor  and  beams 
are  all  in,  and  then  it  is  placed  anjnvhere,  whether  the  weight  is  supported  by  a  main 
beam  or  only  by  the  floor,  and  more  often  than  not  gets  placed  on  the  floor,  away  from 
the  main  beam,  which  may  only  be  calculated  to  carry  a  load  of  loo  lb.  per  foot  super  ; 
whereas  many  3  in.  partitions,  when  plastered  both  sides,  weigh  18  lb.  per  foot  super 
and  10  ft.  is  quite  an  ordinary  height  for  such  a  partition  ;  therefore  i  ft.  run  would 
weigh  180  lb.  The  heaviest  articles  of  furniture  in  domestic  buildings  are  generally 
placed  against  the  partition,  and  in  an  office  it  is  quite  an  ordinary  occurrence  to  find 
a  heavy  safe  one  side  and  a  tier  of  shelves  filled  with  books  and  papers  on  the  other. 
Taking  the  total  weight  of  the  safe  at  15  cwt.,  placed  in  the  centre  of  the  bearing,  and 
the  bookcase  at  2  cwt.  per  foot  run,  we  find,  if  a  3  in.  partition,  12  wide  x  10  ft.  high, 
happens  to  be  placed  on  the  floor  we  get  the  following  load  per  foot  super  in  that 
particular  place  : — 

3  in.  partition — 18  lb.  per  ft.  super  x  12  ft.  wide  x  10  ft.  high=a 

distributed  load  of  .  .  .  .  .  .  .  .  .  .  .  .      2,160  lbs. 

I  safe=a  distributed  load  of  30  cwt.^         .  .  .  .  .  .  .  .     3,360  lbs. 

I  tier  of  shelves  10  ft.  wide  at  2  cwt.  per  ft.  run  =  20  cwt.=        .  .      2,240  lbs. 


Giving  a  total  load  of   .  .  .  .  .  .  .  .  .  .  .  .  .  .      7,760  lbs. 

Taking  the  width  of  floor  occupied  as  3  ft.  x  12  ft=36  ft.  super. 

Therefore  7,760  lb.-f-36=2i5'5  lb.  per  foot  super  on  this  particular  portion  of  the 
floor,  which  is  more  than  double  what  the  floor  weight  and  main  beams  were  calculated 
to  carry,  and,  except  for  the  large  safety  factor  required  by  the  authorities,  there  would 
be  more  than  mere  cracks  appearing.  The  writer  is  strongly  of  the  opinion  that  the 
position  of  all  partitions  wherever  possible  should  be  settled  at  the  time  of  planning, 
and  proper  beams  arranged  to  carry^  them  and  wiien  this  cannot  be  done  it  is  advisable 
wherever  possible  to  have  partitions  cast  in  siiu  and  reinforced  with  sinall  steel  rods, 
forming  a  beam  from  wall  to  wall. 

PARTITIONS    WITHOUT    SLABS. 

There  is  yet  another  means  by  which  a  partition  can  be  constructed  without 
slabs,  and  where  a  wery  thin  partition  is  required  ;  it  has  many  advantages,  as  when 
finished  and  the  whole  thoroughly  set  it  forms  a  very  strong  and  rigid  structure,  being 
light,  occupying  little  space,  and  being  practically  sound,  fire  and  vermin-resisting. 
There  is  no  temporary  sheeting  or  strutting  required,  and  the  work  can  bs  done  with 
little  labour. 

The  foundation  work  usually  consists  of  vertical  rods,  securely  and  tautly  fastened 
at  top  and  bottom  by  screws,  nails,  or  clamps  at  about  12  in.  centres.  To  these 
supports  expanded  metal  lathing  is  firmly  secured  by  soft  wire  or  some  other  convenient 
means,  and  both  sides  covered  by  any  quick  and  hard-setting  plasters,  which  can  be 
finished  to  a  smooth  face  without  loss  of  time. 

The  sohd  partitions  are  sometimes  built  only  li  in.  tliick,  but  generally  made  to 
finish  2  in.  thick,  and  can  be  used  in  combination  with  any  class  of  concrete  floors  and 
ceilings  or  ordinary  wooden  floors.  Doors  and  other  openings  that  may  be  required 
for  lifts  or  ventilation  can  easily  be  formed  and  frames  securely  fi.xed  in  position  at  the 
time  of  construction  or  after  the  partition  is  up.  The  whole  forms  a  partition 
possessing  all  the  desired  advantages  of  a  divisional  wall  not  required  to  carry  any 
weight,  and  occupies  the  least  possible  space  for  such  purposes.  This  class  of  partition 
is  very  suitable  for  internal  lift  wells,  where  good  anchorage  can  be  obtained  for  the 
vertical  tie  rods,  as  it  takes  up  little  room  and  stands  vibration. 
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CONCLUSION. 

These  are  only  a  few  of  the  many  classes  of  fire-resisting  partitions,  but  I  have 
endeavoured  to  include  those  most  generally  used. 

As  mentioned  previously,  one  of  the  most  troublesome  things  in  connection  with 
partitions  is  their  habit  of  cracking. 

I  hope,  however,  that  some  useful  information  regarding  a  cure  for  the  complamt 
may  be  brought  out  in  discussion,  as  no  doubt  partitions  will  play  an  even  larger  part 
in  future  constructions  of  small  property  than  they  have  done  in  the  past. 

DISCUSSION. 
The  President,  in  opening  the  discussion,  remarked  that  partitions  would  play  a  very  important 
part  in  future    construction.     In    old   days    timber   was   so    conveniently   procured    that    very   few 
took  the  trouble  of  thinking  about  anything  else,  but  the  war  had  brought  the  use  of  timber  substitutes 
in  the  way  of  walls  and  partitions  into  great  prominence. 

Mr.  E,  Fiander  Etchells  said  there  was  no  doubt  partition  work  was  going  to  play  a  very  large  part 
in  future  construction.  The  earliest  Building  Acts  of  London  required  walls  about  3  ft.  thick  as  a 
minimum.  These  requirements  had  been  relaxed  from  time  to  time.  In  1894  they  had  walls  of  18,  13^ 
and  9  in.  with  4  J.  Now  and  again  in  brickwork  the  partitions  inside  hardly  counted  as  walls.  In  the 
General  Powers  Act  steel  frame  construction  they  had  walls  13  J  and  9  ;  in  the  Reinforced  Concrete  Regu- 
lations they  had  walls  down  to  4  in.  in  thickness,  so  there  had  been  a  gradual  reduction  in  wall  thick- 
ness, and  that  had  been  accompanied  by  a  change  in  the  nature  of  construction.  Earlier  constructions 
were  homogeneous  in  type,  there  was  no  discrimination  between  pier  and  panel,  but  with  the  gradual 
development  of  frame  construction,  skeleton  construction,  in  which  the  greatest  proportion  of  the  load 
was  being  borne  by  beams  and  pillars,  there  had  been  a  gradual  reduction  of  panel  thickness. 
There  had  always  been  an  incentive  towards  economy,  so  that  hundreds  of  buildings  were  approved  of 
now  that  would  not  have  been  constructed  before  the  war.  The  walls  must  generally  have  3  in.  par. 
titions  with  about  J  in.  rendering  on  the  outside  and  \  in.  on  the  inside,  making  a  total  thickness  of 
4  in.  That,  at  any  rate,  was  what  was  shown  on  the  plans  ;  in  practice  the  |  in.  rendering  might  not 
be  quite  J  in.  and  the  J  in.  inside  might  not  be  of  that  size  when  measured  with  the  micrometer.  One 
cause  of  cracking  was  very  frequently  the  load  of  an  internal  partition  not  being  allowed  for  at  all. 
Any  of  them  who  had  to  deal  with  slab  partitions  ought  to  hand  them  over  to  some  practical  man, 
but  he  couaselled  supervision  to  see  what  assumptions  were  made  on  weights  and  pressures. 

Mr.  E.  McLean  Gibson's  experience  was  that  plaster  needed  a  roof  over  it  diuring  building.  Slabs 
were  usually  of  sufficient  weight  and  size  that  they  could  be  handled  by  one  man.  Those  shown  by 
Mr.  Barraclough  looked  5  or  6  ft.  long  by  3  in.  wide.  Were  not  many  of  them  broken  in  handling  ? 
In  his  experience  plastering  outside  and  in  was  very  expensive,  especially  if  the  building  was  only  to 
be  used  temporarily.  The  12  by  12  terra-cotta  block  was  largely  used  for  outside  work  and  inside 
partitions  for  lavatories  and  general  ablution  places.  The  sand  cement  block  about  2^  in.  thick  18 
by  9  was  generally  fairly  straight.  It  was  grooved  all  round,  and  when  bedded  in  Portland  cement 
and  properly  pointed  it  made  quite  a  clean  wall  outside  and  in.  But  already  they  had  found  trouble 
with  the  sand  lime  blocks  having  free  lime  in  them. 

The  President,  in  conveying  the  thanks  of  the  Institute  to  Mr.  Barraclough  for  his  paper,  asked 
what  a  plaster  partition  was  made  of.  He  also  wished  to  know  what  precautions  were  necessary  in 
the  manufactmre  of  breeze  concrete  slabs.  He  had  used  them  with  some  success,  but  he  had  always 
been  rather  nervous  of  them,  knowing  that  breeze  concrete  was  liable  to  be  treacherous,  as  breeze  and 
Portland  cement  did  not  seem  to  agree  very  well.  It  struck  him  that  it  would  be  quite  possible,  though 
he  had  never  seen  it  done,  to  make  a  thoroughly  good  partition  which  would  not  settle  down  by  rein- 
forcing with  light  wire  or  steel  rods,  but  stiU  to  have  slab  partitions.  He  did  not  see  why  it  should 
not  be  possible  to  introduce  light  steel  wires  into  the  horizontal  joints  of  a  slab  partition,  and  by  so 
doing  and  possibly  by  bending  it  well  into  the  piers  make  a  partition  in  which  there  would  be  no 
danger  whatever  of  settlement,  even  though  the  floor  or  foundation  on  which  it  was  resting  was  weak 
It  ought  to  be  possible  to  introduce  some  material  made  with  Portland  cement,  and  therefore  of  great 
durability,  having  weather  and  lire-resisting  properties,  which  could  be  penetrated  by  nails  and  so  on, 
without  destroying  the  block. 

THE  LECTURER'S  REPLY. 
Mr.  Barraclough,  in  reply,  believed  there  was  a  block  on  the  market  for  which  a  claim  was  made 
that  it  could  be  nailed,  but  he  had  no  experience  of  it.  He  had  had  a  sample,  but  it  soaked  up  water 
like  a  piece  of  blotting  paper.  It  was  necessary  that  plaster  partition  slabs  should  be  kept  from  the 
damp.  As  regarded  the  centres  of  the  piers,  he  did  not  advocate  more  than  13  ft.  He  had  been  very 
unlucky  m.  his  experience  of  breeze  slabs  ;  they  ga\e  a  great  deal  of  trouble.  Large  firms  who  went 
in  for  that  particular  class  of  work  had  now  learned  to  take  precautions  to  see  that  their  stuff  was  clean. 
If  thev  got  clean  breeze,  as  they  used  to  in  days  gone  by,  it  was  fairly  safe.  The  sand  linie  block  was 
manufactured  by  one  or  two  firms,  but  he  did  not  know  the  secret  of  it. 
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CONCRETE  SIMPLIFIED. 

To  the  Editor,  Concrete  and  Constructional  Engineering. 

Sir, — Referring  to  IVIr.  Marriott's  letter  in  the  April  number  m}-  reply  thereto 
is  that  the  applicability  of  the  various  aggregates  described  in  the  February  number 
related  mainly  to  walls  from  six  to  twelve  inches  in  thickness,  but,  obviously,  to 
concrete  for  other  purposes  as  well. 

Slag.- — With  regard  to  slag  I  said  that  it  should  be  aerated,  and,  after  being 
graded,  washed  to  eliminate  the  sulphur,  and  that  this  applied  to  coal  residues  also. 
IVIy  remarks  were  to  the  effect  that  by  so  doing  there  was  insufficient  sulphur  left 
to  be  injurious  ;  at  any  rate,  I  always  found  this  to  be  the  case.  The  enclosed  photo- 
graph is  of  a  building,  the  walls  of  which  are  entirely  of  slag  concrete,  erected  fort}'- 
seven  years  since,  and  which  have  never  developed  any  faults  ;  and  this  applies  to 
other  buildings  and  purposes  for  which  slag  was  used  at  the  same  time  and  subse- 
quent thereto. 

Breeze. — An  inquiry,  some  5'ears  since,  as  to  whether  a  large  amount  of  coke- 
breeze  ilooring  had  shown  or  given  any  signs  of  expansion,  elicited  a  reply  that  : 
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"  The  floors,  many  of  which  were  a  hundred  feet  in  length,  with  no  division  walls 
bearing  on  same,  had  shown  no  signs  of  expansion — although  erected  over  four  years 
(at  that  time) — and  were  satisfactory  in  ever}^  way.  If  anv  expansion  had  taken 
place  it  must  have  affected  the  walls,  but  there  was  no  evidence  in  this  direction." 
Similar  replies  were  received  in  connection  with  other  floors. 

Boiler  Ashes. — About  twenty  years  since  some  floors  and  stairs — at  Southampton, 
I  think — were  made  w4th  locomotive  ashes  concrete  and  completely  failed.  An 
inquiry  as  to  the  cause  resulted  in  the  discovery  that  the  railway  company  gave  their 
drivers  gratuities  for  lessening  coal  consumption,  and  to  effect  which  the  dri\"ers 
added  fragments  of  stone  to  the  coals,  when  obtainable,  in  passing  through  lias  lime- 
stone districts,  and  which  did  not  slake  until  water  was  added  for  concrete  purposes, 
and  for  soine  days  after.  In  an  application  for  locomotive  ashes  a  few  years  since 
which  the  Somerset  and  Dorset  Railway  Company  had  for  disposal,  it  was  asked 
whether  they  would  be  guaranteed  free  of  lias  stone  fragments  and  the  reph'  was 
that  they  were  unable  to  do  so.  This  is  not  an  exceptional  case.  As  I  stated  in  my 
introduction  to  these  articles,  I  am  only  giving  mv  experience,  and  the  results  arising 
therefrom,  of  a  definite  nature,  and  which  can  onl}*  be  ascertained  after  a  sufficient 
inter\al  of  time  has  elapsed  after  concrete  has  been  employed.  Experiences  differ, 
even  where  materials  and  methods  are  identical,  and  in  some  failures  I  suggest  it 
is  a  question  whether  they  ha\'e  arisen  from  the  accepted  cause,  or  from  some  others 
which^were  not  discovered.  Yours  truly, 

Tho.mas  Potter. 

Note. — We  have  received  other  communications  regarding  the  above  articles,  which   we  are 

compelled  to  hold  over  until  our  next  issue. 
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Memoranda  and  Neivs  Items  are  presented  under  this  heading,   with  occasional  editorial 
comment.     Authentic  netvs  ■will  be  •ayelcome.—ED. 


Planing  Machines  of  Concrete. — The  Iron  Age,  New  York,  states  that  tsvo  gigantic 
metal-planing  machines,  the  principal  parts  of  which  will  be  of  monolithic  reinforced 
concrete  construction,  this  including  the  beds,  housing  of  plattens,  with  cast-iron  for 
bearing  surfaces,  are  being  built  by  the  Amalgamated  Machinery  Corporation,  Chicago. 
The  work  of  the  machines  is  the  planing  of  beds  for  long  gun-boring  machines.  The 
concrete  beds  of  the  planes  are  184  ft.  in  length  ;  the  plattens  are  90  ft.  long  and 
13  in.  thick.  The  width  between  housings  is  72  in.,  and  the  cross-rail,  which  is 
stationary  and  faced  with  cast-iron,  is  4  ft.  square.  They  will  plane  36  in.  down 
to  20  in. 

Ministry  of  Munitions  of  War  (Machine  Tool  Department). — In  pursuance  of 
the  instructions  of  the  Controller  of  Machine  Tools,  dated  February  19th,  191 8, 
Reference  H.H.B./G.S.,  the  undertaking  to  be  signed  by,  or  on  behalf  of,  dealers 
in  Engineers'  and  IVIachinists'  Imported  Small  Tools  is  now  cancelled. 

The  Ministn,'  of  JNIunitions  has,  however,  imposed  the  following  regulations 
Avith  regard  to  priority  classification  in  respect  of  all  Small  Tools,  whether  imported 
or  of  British  manufacture  : 

No  firm  or  person  is  permitted  to  issue  a  Class  "  A  "  Certificate  with  an  order 
lor  small  tools  unless 

{«)  Such  Small  Tools  form  a  component  part  of  a  direct  Government  Contract, 

or 
(b)  Specially  authorised  in  writing  to  do  so  by  the  Priority  Department  ot 
the  Ministr^^  of  Munitions. 
Any  applications  for  such  higher  priority  must  be  made  through  the  Director 
of  Small  Tools,  Charing  Cross  Buildings,  Embankment,  \\'.C.  2. 

Any  Class  "  A  "  Certificate  issued  must  bear  the  Contract  Number  in  the  case 
of  (a)  and  the  Priority  Permit  Number  and  Classification  in  the  case  of  (6). 

Firms  holding  a  P. 5  maintenance  permit  are  authorised  to  quote  their  main- 
tenance permit  number  and  Priority  Classification  on  orders  for  Small  Tools  up  to 
the  value  allowed  under  the  terms  of  their  maintenance  Permit. 

All  other  firms  and  persons  placing  orders  for  Small  Tools  required  for  the  upkeep 
of  existing  industrial  plant  should  issue  a  Class  "  B  "  Certificate  Avith  their  order. 

Orders  for  Small  Tools  without  certificates  may  only  be  accepted  when  such 
orders  can  be  executed  from  stock  and  without  prejudice  to  orders  received  with 
Classification  Certificates  as  above. 

Regular  dealers  ordering  Small  Tools  for  stock  may  issue  a  Class  "  B  "  Certificate 
with  their  order,  but  if  they  do  they  must  only  dispose  of  such  Small  Tools  in  accord- 
ance with  the  regulations  set  forth  on  the  back  of  the  Certificate.  They  should, 
however,  note  that  bona-fide  munition  workers,  or  soldiers  engaged  on  mechanical 
work  who  desire  to  purchase  Small  Tools  in  connection  with  such  work  may  properly 
sign  Class  "B"  Certificates  provided  that  they  state  thereon  the  names  of  their 
employers  or  the  units  to  which  they  belong. 

It  will  be  noted  that  dealers  desiring  to  obtain  Small  Tools  for  sale  to  the  general 
public  without   certificates    can   only  obtain    same  by  placing  an   order  without  a 
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certiticate,  and  such  order  will  only  receive  attention  when  the  supplier  is  in  a  position 
to  give  delivery  from  stock  without  prejudice  to  orders  received  with  classification 
certificates. 

It  will  be  noted  that  the  above  regulations  do  not  permit  the  issue  of  a  Class 
"  A  "  Certificate  for  Small  Tools  which  are  required  for  the  manufacture  of  goods 
ordered  on  a  direct  Government  Contract — e.g.,  a  firm  having  a  direct  Contract  from 
the  Ministry  of  Munitions  for  the  manufacture  of  guns  may  issue  a  Class  "  A  " 
Certificate  bearing  the  appropriate  Priority  Classification  attached  to  the  Contract 
for  anv  of  the  material  used  in  the  manufacture  of  the  guns,  but  such  a  firm  can  only 
issue  a  "  Class  B  "  Certificate  for  the  Small  Tools  to  be  used  in  the  manufacture  of 
the  guns. 

The  Forms  of  Priority  Classification  Certificates  referred  to  (sometimes  known 
as  Munitions  Certificates)  can  be  obtained  from  all  the  principal  Post  Offices. 

A  Concrete  Monument  350  ft.  high. — The  Concrete  Age  reports  that  a  350-ft. 
monument  is  being  erected  entirely  in  concrete  at  Fairview,  Kentuckj^  in  honour 
of  Jefferson  Davis.  Most  of  the  materials  used  are  Kentucky  products,  and  the 
sand  is  manufactured  from  natural  rock. 

The  construction  consists  of  a  monolithic  concrete  shaft.  At  the  base  the  walls 
are  9  ft.  6  in.,  tapering  to  2  ft.  4  in.  at  a  point  315  ft.  from  the  ground.  The  apex 
or  cap  is  35  ft.  high,  this  top  section  being  reinforced  concrete.  Under  the  base 
solid  rock  was  blasted  out  for  a  depth  of  10  ft.  with  a  solid  core  of  poured  cement 
run  in  to  form  a  solid  foundation,  the  whole  being  blasted  out  close  to  the  line — 
forming  a  solid  binder,  which  dries  hard  and  firm.  Layer  after  layer  of  large  rocks 
and  concrete  are  worked  into  the  walls. 

The  facing  is  of  poured  white  cement  with  limestone  sand,  in  a  i  :  2  waterproof 
mix.  The  facing  is  poured  along  with  the  walls,  a  template  being  slipped  in  between 
the  inner  surface  of  the  form  and  the  facing  poured.  When  the  wall  is  poured  and 
tamped  the  template  is  sHpped  out,  and  the  facing  and  wall  set  firmly  together  while 
they  are  both  wet. 

Hvdraulic  steel-pressed  forms  are  used  on  the  exterior  and  wooden  forms  on 
the  interior  of  the  shaft,  a  series  of  8-ft.  forms  being  used  inside  and  out  and  moved 
up  as  the  lower  forms  dr\'  out. 

At  the  base  the  outside  measurement  is  35  ft.  each  way,  while  the  inside  measure- 
ment is  19  ft.  6  in.  The  outside  dimension  at  the  top  is  23  ft.  to  24  ft.  where  the 
walls  end,  and  the  top  section  begins  at  315  ft.  from  the  ground.  The  inside  dimension 
is  18  ft. 

The  base  of  this  big  monument  is  formed  of  concrete  made  from  crushed  granite, 
which  will  take  a  pohsh,  whereas  limestone  will  not.  The  concrete  in  the  walls 
throughout  is  made  "of  a  i  :  2  :  4  mix,  the  sand  being  of  J  in.  or  under  crushed  rock, 
while  the  rock  used  is  i|  in.  or  under.  One-  and  two-man  stones  which  are  worked 
into  the  walls  all  the  way  up  weigh  from  50  lb.  to  200  lb.  each.  These  stones  are 
set  in  the  centre  of  the  wall  while  the  concrete  is  poured  around  them. 

Inside  the  monument  there  will  be  a  steel  stainvay  extending  from  floor  to 
floor,  these  floors  being  of  reinforced  8-in.  concrete. 

This  monument  is  being  erected  on  the  farm  that  was  the  birthplace  of  the 
former  President  of  the  Confederacy,  and  the  unveihng  will  take  place  in  June. 

Apart  from  its  historical  importance  and  its  size,  this  monument  represents 
something  entirely  new  in  engineering  circles  as  the  first  large  monument  erected 
in  concrete. 

Concrete  Roadways  in  Shop  Yards.— In  order  to  facilitate  the  handling  of  material 
and  supplies  in  the  shop  yards  of  the  Atchison  Topeka  and  Santa  Fe,  at  Topeka, 
the  company  has  laid  down  about  2*  miles  of  concrete  roadways  connecting  all  the 
principal  shop  buildings,  warehouses,  goods  sheds,  timber  yards,  car  sheds,  and 
unloading  and  storage  platforms  within  the  shop  enclosure.  The  roads  are  of  one- 
course  concrete  construction  throughout,  6  in.  in  thickness  at  the  edges,  with  a  slight 
crown  (about  i  in.)  in  the  centre,  which  varies  with  the  width.  The  level  crossmgs 
are  constructed  with  12  in.  of  concrete  under  the  sleepers,  upon  which  is  placed  a 
sand  cushion.     On  account  of  the  small  wheels  of  the  trucks  and  trailers  used  in 
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Illustration  shows  the  engines  of  a  7^"  X  10" 
standard  Zenith  Winch.  Piston  and  connecting 
rods  are  mild  steel  forgings  machined  all  over 
and  brass  bushed  throughout.  Internal  lubrication 
to  crosshead,  all  parts  easy  of  access.  These  are 
only  a  few  of  the  features  of  Zenith  Winches 
Our  catalogue  on  these  winches  is  only  being  sent 
to  those  who  write  for  it.       Get  your  copy  now 
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hauling  material  at  the  shops,  it  was  desirable  to  have  a  small  flangeway  between 
the  rails  and  the  roadway  in  order  to  lessen  as  much  as  possible  the  jar  incident  to 
crossing,  so  the  flangeways  are  on  the  average  if  in.  wide.  On  the  maift  line  crossings 
they  are  made  by  using  angle  irons  of  |-in.  by  2j-in.  by  2|-in.  section,  the  bottom 
leg  resting  on  the  concrete  blocking  and  the  outer  edge  against  the  web  of  the  rail. 
The  angle  bar  is  drifted  to  the  sleepers  by  bolts  driven  through  holes  drilled  in  the 
lower  leg.  On  siding  crossings  the  construction  is  wholly  of  concrete.  After  the 
angle  irons  for  the  flangeways  have  been  anchored  the  concrete  is  run  to  a  surface 
even  with  the  top  of  the  rails.  Angle  irons  also  are  embedded  in  the  concrete  on 
the  sides  and  the  termini  of  the  roads  at  places  where  the  concrete  is  liable  to  be 
injured  by  constant  trucking  to  and  from  sliop  buildings. 

Expansion  joints  are  placed  e\-er>'  30  ft.  Between  these  are  placed  two  strips 
of  tarred  paper,  held  in  place  by  steel  plates,  which  were  removed  when  the  concrete 
had  been  placed  10  ft.  in  advance  of  the  joint.  The  12-ft.  roads  are  reinforced  with 
J-in.  rods  placed  along  each  side  and  running  the  entire  length  of  the  roads,  and 
f-in.  bars  placed  crosswise  every  30  ft.,  or  at  the  ends  of  each  expansion  joint.  The 
roads  10  ft.  or  less  in  width  are  not  reinforced.  Standard  Portland  cement  of  the 
American  Society  of  Testing  Materials  was  used  in  the  work,  the  fine  aggregate  being 
clear  sharp  ri\-er  sand  and  the  coarse  aggregate  consisting  of  clean  crusher-run  Garnett 
stone  of  ij-in.  maximum  size  from  which  all  the  fine  screenings  had  been  removed. 
In  mixing  the  concrete  the  time  was  ij  min.,  and  the  concrete  was  delivered  direct 
from  the  mixing  machine  to  the  roadway  and  levelled. 

Before  the  concrete  set  a  common  painter's  brush  was  used  to  give  the  top  of 
the  road  a  smooth  surface,  or  where  rough  spots  existed  a  wooden  float  was  used  to 
smooth  it  out.  The  finished  roadway  was  then  covered  with  earth  and  water  for 
curing  and  left  covered  in  this  manner  for  21  days. 

The  roads  have  been  in  ser\dce  for  several  months  and  are  giving  satisfactory 
service.  They  are  made  use  of  by  electric  trucks  and  trailers,  hand  trucks,  horse- 
drawn  vehicles,  automobile  trucks  and  trailers  and  by  pedestrians,  and  are  the 
principal  factor  in  the  economical  distribution  of  materials  to  the  various  shops  and 
storage  yards. 

The  concrete  highways  serve  as  and  are  instrumental  in  securing  better  fire 
protection,  as  they  permit  of  the  more  rapid  handling  of  fire  apparatus.  In  permitting 
the  maximum  use  of  mechanical  means  of  transportation  facilities  in  the  store  and 
shop  grounds  they  are  of  special  interest  owing  to  the  present  difficulty  of  securing 
labour. 

In  connection  with  these  roads  the  Santa  Fe  has  also  paved  a  large  area  betweeu 
the  machine  shops,  blacksmith  shop,  power  house  and  oil  house  over  which  much 
trucking  is  done.  Over  6,410  sq.  yd.  of  concrete  pavement  was  installed  here,  and 
1,275  sq.  yd.  under  railroad  crossings.  The  construction  here  is  similar  to  the  roads. 
It  gives  ideal  storage  facilities,  permitting  proper  drainage,  and  is  independent  of 
weather  conditions. 

Residential  Flats  of  Reinforced  Concrete. — A  recent  serious  fire  at  Christchurch, 
New  Zealand,  destroyed  a  block  of  buildings  containing  offices  and  a  vaudeville 
theatre  belonging  to  an  important  threatre-owning  syndicate.  The  buildings  also 
contained  a  large  organ,  insured  for  £4,000.  It  is  intended  to  rebuild  the  theatre 
at  once  and  on  the  most  up-to-date  lines,  and  later  to  replace  the  organ.  The  Evemis; 
Post,  Wellington,  has  given  particulars  of  proposed  new  buildings  in  Wellington, 
which  include  a  fever  hospital  and  residential  flats.  The  former  building  will  cost 
^25,000  and  will  have  six  wards,  with  accommodation  for  fifty-nine  patients.  The 
flats  will  be  of  reinforced  concrete,  comprising  twenty  self-contained  residences. 
The  building  will  be  fireproof,  and  an  automatic  lift  and  a  roof  garden  will  be  among 
the  features  of  the  building.  Commenting  on  the  latter  project,  H.M.  Trade  Com- 
missioner writes  that,  while  this  system  of  housing  has  been  tried  in  other  parts  of 
the  Dominion,  the  Wellington  City  authorities  have  not  previously  looked  upon 
proposals  oi  this  kind  with  favour.  Owing,  however,  to  the  limitation  of  building 
area  in  Wellington,  it  seems  almost  certain  that  the  erection  of  residential  flats  will 
in  the  future  become  even  more  necessary. — The  Architect. 

277 


MEMORANDA. 


ItONCkJb^rEI 


TRADE   NOTES. 

Housing  for  the  Workers. — Excellent  suggestions  for  the  erection  of  suitable 
houses  for  the  poor  are  made  in  a  memorandum  just  issued  by  the  Government  for 
the  use  of  local  authorities.  The  provision  of  such  houses  may  rest  largely  with 
the  local  authorities,  and  therefore  when  embarking  upon  a  housing  scheme  it  is  to 
be  hoped  that  they  will  take  into  full  consideration  two  essentials,  (i)  economy  in 
construction,  and  (2)  the  attainment  of  the  best  results  for  the  expenditure  incurred. 

Generally  work  on  the  Hnes  recommended  in  the  recently  published  Government 
memorandum  would  be  eminentl}'  satisfactory-,  but  there  are  one  or  two  details  that 
could  be  improved  upon.  For  instance,  in  regard  to  floors,  it  is  stated  that  "  a  layer 
of  bituminous  composition  beneath  the  boards  is  desirable,"  but  far  better  results 
could  be  secured  b}'  other  means.  Bituminous  composition  is  expensive  and  just 
now  ver\'  scarce,-  but  a  cement  of  waterproofing  powder  v\ill  effectually  answer  the 
same  purpose.  A  i-in.  rendering  in  one  coat  of  Pudloed  cement  is  a  sure  preven- 
tive against  rising  dampness  and  necessitates  a  much  smaller  outlay  than  the 
use  of  bituminous  composition. 

Metallic  Liquids  for  Strengthening  and  Hardening  Concrete. — ^^'e  are  informed  by 
Messrs.  George  Lillington  &  Co.,  Ltd.,  speciahsts  for  waterproofing  wood,  stone,  and 
brick,  that  owing  to  their  rapidly  increasing  business,  they  have  removed  from 
12^  Holbom  to  large  and  commodious  new  showrooms  at  40  Holborn  Viaduct,  E.G., 
and  that  they  propose  shortly  holding  there  an  exhibition  of  their  productions  in 
order  that  their  many  uses  may  be  practically  demonstrated. 

Messrs.  George  Lillington  &  Co.,  Ltd.,  specialise  in  metallic  liquids  for  strengthen- 
ing and  hardening  concrete,  fireproofing  every  kind  of  material  and  iron  and  steel 
preservation. 
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EDITORIAL  NOTES. 


THE   CONCRETE    INSTITUTE.-ANNUAL    MEETING. 

The  recent  annual  meeting  of  the  Concrete  Institute  with  the  presentation  of 
its  annual  report  practically  brings  with  it  the  conclusion  of  Mr.  Wentworth 
Sheilds's  tenure  of  office  as  president. 

We  take  the  opportunity  of  congratulating  Mr.  Wentworth-Sheilds  upon 
the  fact  that  the  Institute  has  been  able  to  hold  its  own  during  his  term  of  office, 
regardless  of  the  vicissitudes  of  the  war  and  other  difficult  circumstances,  and, 
above  all,  that  it  was  during  his  term  of  office  that  the  Concrete  Institute  was 
able  to  commence  a  piece  of  true  research  work,  for  it  was  largely  due  to  the 
outgoing  president  that  this  research  work  was  started  and  a  suitable  organisation 
inaugurated  to  deal  with  it. 

RESEARCH. 

The  necessity  that  such  research  work  in  respect  of  concrete  should  be 
started  was  already  felt  as  far  back  as  1907,  when  the  British  Fire  Prevention 
Committee,  prior  to  the  formation  of  the  Concrete  Institute,  had  a  Special  Com- 
mission dealing  with  certain  problems  relating  to  concrete  aggregates,  of  which 
the  late  Sir  William  Preece,  F.R.S.,  was  chairman,  and  Mr.  Edwin  O.  Sachs, 
F. R.S.Ed.,  was  deputy  chairman,  and  in  which  a  number  of  members  of  the 
technical  professions  were  actively  interested. 

That  Commission  formulated  some  outline  specifications  and  indicated  what 
it  thought  was  advisable  in  the  matter  of  research,  a  detailed  plan  of  necessary 
tests  being  prepared.  But  it  is  well  known  that  research  work  requires  money 
and  in  those  days  research  of  this  kind  did  not  meet  with  that  encouragement 
from  the  home  authorities  which  made  the  investigation  feasible.  The  Com- 
mission had  to  be  satisfied  with  an  interim  report  outlining  the  specifications 
named,  which  have  been  freely  used,  and  indicating  the  tests  desired  which  have 
been  applied  from  time  to  time  where  small  enquiries  have  been  on  foot. 

A  full  decade  has  thus  elapsed  until  the  Concrete  Institute  was  able  to  take 
up  this  matter  of  concrete  aggregates  generally,  and  it  is  largely  due  to  Mr. 
Wentworth-Sheilds  that  the  investigations  have  at  last  been  started  and  have 
obtained  the  necessary  financial  support  and  are  making  progress  as  far  as  the 
exigencies  of  the  war  permit.  The  inauguration  of  these  tests  by  the  Concrete 
Institute  is  a  landmark  in  its  history  of  no  mean  importance. 
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TIMBER   SUBSTITUTES. 

As  far  as  other  work  referred  to  in  the  Institute's  annual  report  is  concerned, 
it  has  been  largely  that  ot  routine,  but  the  Institute  has  been  fortunate  in  its 
invitations  to  lectures  and  its  list  of  papers  has  been  excellent.  In  another 
direction  the  annual  report  indicates  that  the  Institute  has  been  preparing  a 
list  of  the  uses  of  concrete  for  everyday  purposes  where  it  may  serve  as  a  sub- 
stitute for  timber  and  similar  materials  that  are  difficult  to  obtain  during  the  war. 
This  is  a  step  in  the  right  direction  towards  the  popularisation  of  concrete  in  the 
interests  of  national  economy,  but  we  are  afraid  the  Institute's  efforts  have 
materialised  somewhat  late  in  the  day  ;  1916  was  the  3'ear  when  its  endeavours 
should  have  been  brought  to  a  head  and  energetically  advanced.  It  would  have 
saved  the  country  a  great  deal  of  money  and  a  great  deal  of  the  timber  un- 
necessarily employed  where  concrete  would  have  been  the  most  useful  and 
economical  substitute.  Now  that  the  Institute  has  got  so  far  as  to  prepare  lists, 
it  should  shortly  also  issue  these  with  some  reasoned  statement,  in  a  manner 
that  might  be  popularly  utilised  by  all  the  many  local  authorities  and  building 
employers  v\'ho  are  anxious  to  economise  timber  throughout  the  war  and  have 
many  minor  building  operations  on  their  hands. 

NEW   PRESIDENT. 

It  is  with  pleasure  that  we  observe  that  Mr.  H.  D.  Searles-Wood,  F.R.I.B.A., 
has  now  been  elected  to  the  presidential  chair  at  the  conclusion  of  Mr.  Wentworth- 
Sheilds's  two  years  term  of  office.  Mr.  Searles-Wood  has  given  the  Institute 
much  of  his  time  and  experience  and  his  services  as  president  have  that  particular 
advanta.ge  for  the  Institute  that  he  has  had  several  years  of  successful  and  active 
association  with  many  of  the  learned  societies  and  special  professional  committees, 
so  that  he  can  bring  his  administrative  and  varied  experience  to  bear  upon  the 
Institute,  which  still  requires  a  considerable  amount  of  active  assistance  of  this 
kmd  to  bring  it  to  that  position  which  the  vast  developments  of  concrete  and 
reinforced  concrete  claim  at  the  present  time.  Mr.  Searles-Wood's  presidency 
also  has  this  particular  advantage,  that  he  holds  a  prominent  position  in  several 
of  the  professional  societies  directly  and  indirectly  concerned  with  concrete  and 
reinforced  concrete  and  no  man  could  better  obtain  the  co-operation  of  other 
bodies  than  he  can  from  his  intimate  connection  with  the  various  institutions 
affected.  His  term  of  office  should  thus  also  bid  fair  to  give  the  Institute  a  most 
useful  year. 

CONCRETE    SILOS, 

The  Food  Production  Department  is  to  be  congratulated  on  ]ia\ing  gone 
outside  the  usual  limits  of  official  publications  by  presenting  in  a  thoroughly 
practical  form  particulars  as  to  the  construction  of  silos  for  the  storage  of  silage 
crops  in  rural  districts.  The  small  pamphlet  gives  among  others  a  very  useful 
silo  which  can  be  erected  most  economically  with  local  materials  in  reinforced 
concrete.  The  pamphlet  has  reached  us  too  late  to  enable  us  to  deal  with  it  fully 
in  this  issue,  but  the  full  particulars  will  be  presented  in  our  next  issue.  In  the 
meantime  readers  interested  should  apply  for  copies  to  the  Food  Production 
Department,  72,  Victoria  Street,  S.W.  i. 
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Segregation  Area,  sho-                                   i     ; 
missioner's  Bungalow,  Koi-okidua,  Gold  Coasi  Colony. 

By   H.   G.   HOLT,    .^.R.I.B.A. 
Part  I. 

The  follovjmg  description  and  illustrations  regarding  building  conditions  ana  buildings  in 
West  Africa  Tvill,  no  doubt,  interest  our  readers.  As  luill  be  seen  from  the  second  article, 
•which  ive  propose  publishing  next  month,  Portland  cement  plays  an  important  role  among 
the  building  materials  imported  into  West  Africa,  and  our  illustrations  in  this  and  the 
succeeding  article  shoiu  some  typical  concrete  structures  erected. — ED. 


At  the  outset  I  \\ish  to  make  it  quite  clear  that  I  do  not  pose  as  an  authority 
on  West  African  matters.  I  have  not  yet  even  paid  a  visit  to  West  Africa,  but 
it  has  been  my  privilege  to  have  been  associated,  for  some  little  time,  with  men 
who  have  lived  no  inconsiderable  period  of  their  lives  in  what  is,  or  used  to  be, 
known  as  the  "  white  man's  grave,"  and  who  are  still,  nevertheless,  hale  and 
hearty  and  energetic  business  men.  I  trust  that  the  following  brief  notes  which 
are  gathered  from  reliable  and  first-hand  sources  of  information  will  be  of  interest 
and  service  to  contractors  and  others  interested  in  concrete  work  who  are  not 
familiar  with  some  of  the  special  conditions  to  be  met  in  West  African  building 
operations. 

The  countries  comprising  West  Africa  include  in  coastwise  order  the  following  : 
Senegal  (French),  Gambia  (British),  French  Guinea,  Sierra  Leone  (British),  Liberia 
(Republic),  Ivory  Coast  (French),  Gold  Coast  (British),  Togoland  (German,  at 
present  administered  by  British  and  French  Governments),  Dahomey  (French), 
Nigeria  (British),  Cameroons  (British  and  French). 

A  wide  range  of  territory  is  therefore  covered,  and,  naturally,  climatic  and 
other  conditions  vary  considerably  in  different  localities. 

On  the  sea  coast  the  air  is  very  humid  and  salty  all  the  year  round,  whereas 
in  Northern  Nigeria  and  in  the  interior  generally  during  the  dry  season  the 
atmosphere  is  so  dry  that  timber  shrinks  and  twists  to  an  extraordinary  degree  ; 
the  heat  is  intense  and  the  sandstorms  which  blow  across  the  towns  are  a  great 
nuisance  and  sometimes  a  danger.  The  "  Harmattan,"  a  dry  wind,  blows  south 
from  the  Sahara  desert,  usually  bringing  fine  sand  with  it,  up  to  the  shore  and 
sometimes  out  to  sea.  The  wind  usually  blows  from  one  particular  quarter  on 
the  coast  in  the  various  localities,  and  it  is  an  essential  part  of  the  planning  and 
arranging  of  buildings  to  catch  the  maximum  amount  of  this  breeze.  This  is 
considered  of  greater  importance  than  aspect  in  this  country. 
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LOCAL   BUILDINGS   AND   MATERIALS. 

Native  buildings  consist  chiefly  of  mud  houses  of  puddled  clay,  sun-dried 
bricks,  bamboo,  timber,  etc.  The  clay  mixture  is  known  locally  as  "  swish,"  and 
the  walls  of  a  mud  house  or  "  gidda  "  are  generally  built  slightly  on  the  batter. 
Roofs  are  generally  thatched,  but  corrugated  iron  is  now  in  more  general  use.  In 
the  northern  part  of  Nigeria  a  well-built  gidda  is  said  to  be  cool  in  summer  and 
warm  during  the  cold  nights  which  are  experienced  there.  Kano,  a  large  and 
important  Arab  town  in  Nigeria,  some  seventy  miles  south  of  the  Sahara  Desert,  is 
largely  built  of  mud  or  swish.  This  applies  to  most  of  the  native  townships, 
although  the  more  advanced  places  near  the  sea  coast  contain  many  substantial 
buildings  erected  and  owned  by  natives. 

EUROPEAN    BUILDINGS. 

In  the  past,  European  buildings  were  chiefly  built  of  corrugated  iron 
sheets  or  steel  and  timber  framing.  Many  bungalows  were  erected,  raised 
from  the  ground  on  posts  and  weather-boarded  or  sheeted  with  iron.  Timber 
buildings  have,  however,  proved  very  costly  in  upkeep  and  unsuitable  to  the 
climate  ;  white  ants  play  havoc  with  them,  and  altogether  they  must  be  written 
a  failure  as  permanent  structures. 

The  thing  which  surprises  anyone  in  the  building  trade  having  no  previous 
knowledge  of  West  Africa  is  the  substantial  character  of  the  modern  European 
buildings,  erected  chiefly  within  the  last  ten  or  fifteen  years.  It  is  no  exaggeration 
to  say  that  this  is  due  solely  to  the  fact  that  concrete  building,  reinforced  concrete 
proper,  mass  concrete,  and,  to  a  perhaps  greater  extent,  concrete  block  work, 
have  been  utilised  to  a  very  great  degree.  The  reason  for  this  is  that  suitable 
local  building  materials  are  not  obtainable,  with  few  exceptions.  Stone  suitable 
for  building  is  not  easily  got,  and  there  are  few  quarries  as  we  know  them  here. 
In  some  places  stone  is  got  by  blasting  and  rubble  masonry  walls  are  erected. 

There  are  to  be  found,  however,  quite  a  number  of  stones  suitable  for  building 
and  engineering  work,  including  limestone,  and  even  white  marble  in  the  Gold 
Coast  Colony,  but  they  are  not  developed  at  all  at  present  on  anything  like  a 
commercial  basis.  At  Abeokuta,  in  Nigeria,  is  the  Aro  quarry,  which  is  one 
of  the  three  quarries  from  which  stone  for  the  Lagos  harbour  works  is  obtained. 
At  Lagos  a  coarse  sand  is  to  be  had  excellent  for  concrete  block  manufacture. 
Bricks  are  made  by  the  Public  Works  Department  near  Lagos  and  also  by  native 
brickmakers,  but  they  are  only  common  bricks  suitable  for  foundations  and 
internal  walls. 

The  chief  native  timbers  are  African  mahogany,  and  Odum  or  Iroko  wood  ; 
the  latter  is  akin  to  teak.  It  stands  the  climate  well.  European  pitch  pine  also 
stands  well,  and  it  does  not  appear  to  be  much  affected  by  ants  and  other  insects 
on  account  of  the  resin. 

NATIVE   LABOUR. 

Europeans  are  wholly  dependent  upon  native  labour  in  the  construction 
of  buildings,  and,  indeed,  all  other  matters  for  which  hand  labour  is  required. 
Close  European  supervision  is  absolutely  essential,  and  evidently  the  greatest 
patience,  firmness,  and  tact  are  needed  by  those  who  spend  their  lives  "  bear- 
ing the  white  man's  burden  "  in  connection  with  the  building  trade  in  West 
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Africa.  Every  credit  must  be  given  to  those  men  who  have  thus  borne  the  heat 
and  burden  of  the  day  in  instructing  the  native  in  the  art  of  building,  and 
taken  a  leading  part  in  the  civilising  of  this,  until  recently,  Httle  known  and  little 
regarded  collection  of  colonies.  They  are  Empire-builders  in  the  truest  sense. 
Natives  are  very  childlike,  and  I  have  heard  of  a  concrete-mixer,  if  not  watched, 
using  3  or  4  of  cement  to  i  of  sand,  because  it  looked  prettier,  or  omitting  the  cement 
altogether  if  the  casks  immediately  at  hand  were  empty.  Naturally  the  chief 
buildings  in  the  British  Colonies  are  those  of  a  public  character,  such  as  the 
residences  of  the  Governors  and  other  officials,  post  offices,  public  offices,  and  other 
Government  buildings,  but  these  by  no  means  complete  the  list.  Many  of  the 
trading  firms  engaged  in  business  in  various  places  have  erected  sohd  and  sub- 
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Fig.  1.     Front  Entranxe  to  Bank  Building  at  Freetown,  Sierra  Leone. 

stantial  buildings  in  which  their  business  is  carried  on  by  the  European  and 
native  staffs.  Among  these,  in  West  Africa,  may  be  mentioned  Elder,  Dempster 
&  Co.,  Ltd.,  Millers,  Ltd.,  and  Swanzy,  Ltd.  One  of  the  pioneer  institutions 
which  has  taken  a  leading  part  in  the  development  of  a  good  type  of  building, 
suitable  for  the  conditions  of  climate  and  the  nature  of  the  business  carried  on, 
is  the  Bank  of  British  West  Africa,  Ltd.,  which  has  branches  in  all  the  leading 
towns  throughout  not  only  British  West  Africa,  but  also  in  Liberia,  the  French 
Ivory  Coast,  Sta.  Isabel,  Fernando  Po  (Spanish),  and  they  have  also  established  a 
branch  at  Lome,  Togoland,  where  a  German  concrete-built  building  now  houses 
the  British  Bank.  The  illustrations  accompanying  this  article,  which  are  repro- 
duced by  the  courtesy  of  the  Bank  of  British  West  Africa,  Ltd.,  are  eloquent  of 
the  good  work  which  has  been  done  during  the  last  ten  years. 
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These  buildings  comprise  bank  offices,  warehouses,  and  residences  for  the  staff 
of  the  bank  in  the  various  localities. 

A  brief  description  of  the  buildings  illustrated  will  no  doubt  be  of  interest 
and  the  gradual  development  in  the  style  of  building  will  be  noted. 

At  Freetown,  Sierra  Leone,  the  foundation  stone  of  the  bank  building,  shown  in 
Fig.  I,  was  laid  in  January  1909,  and  the  building  was  completed  and  opened  for 
business  in  1910.  It  was  designed  by  Mr.  J.  H.  Garner,  Building  Superintendent  of 
the  Bank  of  British  West  Africa,  Ltd.  ;  a  further  illustration  {Fig.  2)  shows  the  side 
of  the  building  with  the  concrete  boundary  wall  enclosing  the  tennis  court,  which  is 
of  cement,  and  has  recently  been  added  under  the  supervision  of  Mr.  J.  Canning, 
Assistant  Building  Superintendent  to  the  Bank. 


\T  Freetown,  Sikrra  Leone,  showing  Concrete  Be 
hNc  LOSING  Concrete  Tennis  Court 


The  building  at  Monrovia,  the  capital  of  Liberia,  now  an  allied  State,  shown  in 
P'^8-  3.  comprises  banking  office  with  island  strong  room,  manager's,  accountant's, 
and  clerks'  offices  ;  the  bank  has  a  verandah  on  two  sides,  as  shown  by  the  photo- 
graph, and  it  was  built  on  a  steeply  sloping  site,  the  main  portions  of  the  skeleton 
structure  consisted  of  steel  joists,  and  concrete  was  used  for  the  walling  blocks, 
ground  floor,  etc.  The  first  floor  affords  accommodation  for  the  manager,  his  suite 
of  rooms  or  flat  consisting  of  dining  room,  lounge,  two  bedrooms  (with  sitting 
verandahs),  bath  room,  e.g.,  and  warehouse.  On  the  second  floor  the  remainder  of 
the  European  staff  occupies  a  flat  which  gives  a  dining  room,  lounge,  three  bed- 
rooms (with  sitting  verandahs),  two  bathrooms,  and  e.g.  A  kitchen  and  room 
for  native  boys  and  warehouse  are  provided  in  the  compound.     Considerable 
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difficulties  were  experienced  in  connection  with  the  foundation  work,  owing  to  the 
steeply  sloping  site  ;  the  ground  floor  is  approximately  2  ft.  abo\'e  the  ground 
level  at  the  highest  point,  and  about  12  ft.  above  it  at  the  lowest  ;  as  the  building 
is  not  more  than  46  ft.  wide  on  its  narrow  face,  the  steepness  of  the  slope  will  be 
appreciated. 

The  walls  of  the  strong  room  are  of  reinforced  concrete  24  in.  thick,  and 
carried  down  to  a  foundation  on  the  solid  hillside.  Electric  lighting  is  about  to  be 
installed  throughout  the  building.  It  will  be  remembered  that  Monrovia  was 
recently  shelled  by  a  U-boat  which  attacked  the  French  wireless  station. 

At  Seccondee,  a  large  port  in  the  Gold  Coast  Colony,  has  recently  been 
erected  perhaps  the  finest  building  in  the  whole  of  West  Africa.  It  is  situated 
at  the  angle  made  by  High  Street  and  Chapel  Street,  and  the  main  block  presents 
an  unbroken  frontage  to  these  two  streets  of  190  ft.,  and  it  is  two  stories  in  height, 
as  shown  in  the  Frontispiece. 

On  the  ground  floor  arc  two  wide  entrances  leading  to  the  porches,  flanked 

by  continuous  verandahs  6  ft.  wide  at  the  narrowest  point.     The  entrances  lead 

to  six  pairs  of  folding  doors  which  open  on  to  the  public  space  and  main  office. 

The  counter  is  120  ft.  long,  and  the  large  office  behind  is  divided  up  by  mahogany 

screens  and  grilles,  as  shown  in  the  photograph  of  the  interior.     The  two  large 

concrete    strong    rooms,    with    heavy    strong    room    doors,    are    behind    the 

cashier's  office,  together  with  specie  room,  fireproof  book-room,  stationery  room 

and  large  document  room  ;    manager's    and    accountant's    rooms    are    on    the 

opposite  side  of  the  office. 
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staff  quarters  are  provided  on  the  upper  floors  ;  a  portion  of  this  floor  is 
available  by  separate  staircase  for  letting  off  as  flats.  The  building  was  opened  in 
July  1917  by  Lady  Clifford,  the  wife  of  the  Governor  of  the  Gold  Coast  Colony,  and 
one  of  the  photographs  illustrates  the  building  at  the  opening  ceremony.     Three 
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Fig.  4. 


Premises  tok  Bank  01    British  West  Afrita.   Ltd..  at  SErroNUi  1  .   in   .  -■,  K-h   ..,    (  ,  .n- 1  klc  t:on. 


Fig.  5.     Seccondee  Bank  in  course  of  construction. 


interesting  views  are  given  of  the  building  in  course  of  construction  in  Figs.  4,  5,  and 
6  ;  shomng  the  walls,  etc.,  of  concrete  blocks.  In  the  compound  at  the  rear  of  the 
main  office  building  is  a  large  warehouse  for  merchandise  hypothecated  to  the  bank, 
also  native  boys'  quarters,  latrines,  etc.  The  building  was  originally  designed  by 
286 
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Mr.  C.  A.  M.  Skues,  F.S.I.,  in  consultation  with  Mr.  Garner  ;  Mr.  Skues  joined  H.M. 
Forces,  and  the  architectural  work  was  then  carried  on  by  Mr.  Stanley  Burmester, 
F.R.I.B.x\.  Many  difficulties,  chiefly  due  to  war  conditions,  were  encountered 
during  the  progress  of  the  building,  and  great  credit  must  be  given  to  Mr.  Garner 
for  his  initiative  in  solving  some  of  the  problems  created  by  shortage  of  steel. 
Owing  to  the  necessary  Government  restrictions  on  the  export  of  steel,  no  structural 
steel  was  obtainable  from  this  country,  although  it  had  been  intended  to  export 
stancheons  and  joists  for  the  main  structure.  Local  supplies  of  steel  were  used, 
helped  out  by  mass  concrete.  A  view  of  the  interior  in  Fig.  8  shows  the  internal 
columns,  in  which  steel  rails  embedded  in  concrete  were  used,  carrying  the  first 
floor.  Fibrous  plaster  ceilings,  with  enriched  cornices,  made  by  Messrs.  J.  Tanner 
&  Son,  of  Westminster,  were  exported  and  fixed  in  position,  but  owing  to  the 
difficult  nature  of  the  landing  at  Seccondee,  some  of  the  ceiling  slabs  were  unfortu- 
nately broken. 


L,OI,^M^^>     IN    COl  KSK    OF    ERECTION, 


The  floor  of  the  public  space  was  carried  out  in  Hopton  wood  stone,  egg-shell 
polished,  with  bands  of  Bleu  Tonquin  marble  forming  panels.  This  floor  was 
supplied  by  Messrs.  J.  Stubbs  &  Son,  of  Liverpool,  and  shipped  out  to  Seccondee 
with  fixing  diagram  to  work  by.  A  public  clock  is  to  be  fixed  in  the  circular 
panel  in  the  main  pediment  at  the  angle  of  the  building.  The  counter  is  of 
African  mahogany,  stained  and  French  polished,  with  grilles  of  similar  finish ; 
owing  to  war  conditions  it  was  not  possible  to  provide  bronze  grilles.  These 
fittings  were  sent  out  in  sections  and  fitted  together  on  the  job.  The  general  con- 
tractors were  Messrs.  Thompson,  Moir,  &  Galloway,  of  Accra,  Seccondee  and 
Coomassie.  At  Accra,  the  capital  of  the  Gold  Coast,  and  a  prominent  port,  a  new 
bungalow  to  provide  quarters  for  the  senior  members  of  the  staff  has  been 
erected  by  the  Bank  of  British  West  Africa,  Ltd.  This  is  shown  in  the  accom- 
panying photograph  {Fig.  7),  and  it  will  be  observed  that  the  roof  is  covered  with 
concrete  tiles,  which  have  successfully  withstood  a  severe  rainy  season.     A  motor 
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SOME  NOTES  ON  BUILDING  IN   WEST  AFRICA. 


garage  occupies  the  centre  of  the  ground  floor  front,  and  incidentally  it  may  be 
remarked  that  the  progress  of  motor  traffic  on  the  West  Coast  has  been  remarkable, 
and,  indeed,  it  is  said  by  authorities  that  the  future  of  West  Africa  is  very  largely 
linked  with  road  making  and  motor  transport.  The  building  was  designed  by 
Mr.  J.  H.  Garner,  and  carried  out  under  his  direction. 


Fig.  8.     Interior  of  B.\nk,  Seccondee. 


{To  be  concluded.) 


289 


CHARLES  F.  MARSH. 


[CQNCRETD 


CHARLES  F.  MARSH,  M.Inst.C.E. 
{Continued) 

The  first  article  regarding  these  Regulations  appeared  in  our  Ma')  issue  on  p-  232. — ED. 


The  regulations  covering  bending  moments,  floor  slabs,  flat  slabs  or  mushroom 
floors,  columns,  working  stresses,  materials,  form  work,  centering  and  mixing  of 
concrete,  and  placing  of  concrete  and  steel,  follow  generally  the  recommendations  of 
the  Special  Committee  on  Concrete  and  Reinforced  Concrete  of  the  American  Society 
of  Civil  Engineers. 

Regulation  36  provides  that  the  exact  distribution  of  loads  on  beams  supporting 
slabs,  reinforced  in  two  directions  at  right  angles  to  one  another,  shall  be  determined 
in  special  cases,  as  they  will  not  be  evenly  distributed,  but  ordinarily  the  variation  of 
the  load  along  the  length  of  a  beam  shall  be  considered  to  be  represented  by  the 
ordinates  of  a  parabola  having  its  vertex  at  the  middle  of  the  beam.  Equations 
are  given  for  the  bending  moments  and  shearing  forces  on  beams  under  this  form  of 
loading  for  freely  supported  and  absolutely  fixed  ends. 

The  height  of  the  central  ordinate,  according  to  the  regulations,  is  to  be  wd,  where 
w  is  the  superimposed  load  +  the  dead  load,  per  sq.  ft.  and  d  is  the  distance  between 
the  beams  in  feet. 

As  printed,  this  provision  would  apply  to  a  single  slab  supported  on  its  four  sides 
by  beams. 

It  is  obvious  that  such  a  central  ordinate  would  not  be  correct  in  this  case, 
although  it  would  be  correct  for  beams  supporting  slabs  on  both  sides.  According 
to  the  regulation  as  it  stands,  therefore,  the  central  ordinate  is  double  its  correct 
value. 

The  usual  assumption  for  the  loading  on  beams  supporting  floor  slabs  is  that  the 
longer  beams  each  support  half  the  load  from  adjacent  slabs,  while  the  shorter  beams 
support  the  ends  of  the  longer  beams  with  half  their  weight  and  loading. 

This  assumption  is  obviously  incorrect,  and  it  is  probable  that  the  parabolic 
form  of  loading  is  more  accurate,  but  neither  assumption  can  be  actually  true. 


FIC.I 


FIG.2 


FIG.3 


290 


REINFORCED  CONCRETE  REGULATIONS. 

If  parabolas  are  drawn  with  a  height  of  vertex  wb  and  wl  respectively,  as  provided 
in  the  Sydney  regulations,  where  b  and  /  are  the  distances  betw-een  the  beams  respec- 
tively {Fig.  i),  it  will  be  seen  that  there  are  considerable  overlapping  areas,  and  this 

would  still  be  the  case  if  the  height  of  the  vertex  of  the  parabolas  were  w-  and  w 

2  2 

respectively  {Fig.  2),  which  is  the  correct  loading  for  a  single  slab. 

It  is  probable  that  the  actual  loading  for  a  single  slab  approximates  that  shown 
in  Fig.  3,  where  the  loadings  given  by  the  areas  of  the  triangles  abc  and  def,  mul- 
tiplied respectively  by  w,  are  taken  directly  by  the  shorter  beams,  while  the  loadings 
given  by  the  areas  of  the  figures  cbef  and  abed,  multiplied  respectively  bj?-  w,  are 
taken  by  the  longer  beams.  When  there  is  a  slab  on  each  side  of  the  beam  the 
loading  on  the  beam  would,  of  course,  be  double  the  above. 

The  shorter  beams  would,  in  any  case,  if  the  junction  between  the  beams  was 
not  supported  by  a  column,  each  have  to  carr}'  half  the  weight  and  loading  of  the 
longer  beams,  as  well  as  the  portion  of  the  weight  and  loading  on  the  slab  which  is 
borne  directly  by  them. 

The  following  values  are  given  for  the  positive  and  negative  bending  moments 
on  continuous  beams  and  slabs  under  imiformly  distributed  loading,  where  z£;  =  super- 
imposed and  dead  load  per  lineal  unit,  and  ^  =  span. 

Bending 
Member  and  position  of  moment.  moment. 

Floor  slabs  at  centre  and  supports 


12 
12 


Beams  at  centre  and  supports,  interior  spans .  . 

Beams  at  centre,  end  spans 

10 

Beams  and  slabs  continuous  for  two  spans  only  and  with  restrained  ends )      wl^ 

at  central  support  and  near  middle  of  span  .  .  .  .  .  .  .  .  \       j^ 

Ends  of  beams,  the  negative  bending  moment  wdll  depend  on  condition  of  restraint. 

In  ordinary  cases  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  —- 

16 

In  case  of  small  beams  running  into  columns  .  .  .  .  .  .  .  .  .  .         — 

*  12 

For  beams  fixed  at  the  ends,  under  a  uniformly  distributed  loading,  the  bending 

moment  at  the  centre  and  at  the  supports  is  to  be   — ,  and  under  a  concentrated 

12 

central  load  —. 
8 

For  uniformly  loaded  and  centrally  loaded  beams  with  ends  freely  supported 
and  for  cantilevers  under  uniformly  distributed  loading  and  a  concentrated  load  at 
the  end  the  bending  moments  have  their  usual  values. 

Regulation  37  provides  that  for  spans  of  unusual  length,  or  spans  of  materially 
unequal  length,  or  for  special  cases  of  loading,  more  exact  calculations  are  to  be  made. 

The  first  two  cases  obviously  only  apply  to  continuous  beams,  although  this  is 
not  stated  in  the  regulations. 

Regulation  38  provides  that  in  the  case  of  cantilevers  or  continuous  beams  the 
tensile  and  compressive  reinforcements  over  the  supports  shall  extend  sufficiently 
beyond  the  support  and  the  point  of  contra  flexure  to  develop  the  required  bond 
strength. 

Regulation  39  stipulates  that  wherever  continuous  beams  are  employed,  ample 
foundations  must  be  provided  to  prevent  unequal  settlement. 
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Regulation  40  provides  that  where  beams  are  framed  into  a  wall  girder  on  one 
side  only,  the  wall  girder  shall  be  designed  to  resist  the  torsional  moment. 

The  case  of  floor  slabs  supported  along  four  sides  is  dealt  with  under  Regulations 
41  and  42. 

Regulation  41  provides  that  the  slabs  shall  be  designed  as  continuous  over  the 
supports,  the  reinforcement  in  the  bottom  between  the  points  of  contra  flexure  being 
designed  for  the  positive  bending  moment,  while  the  reinforcement  on  the  top  over 
the  supports  is  to  be  designed  for  the  negative  bending  moment. 

It  further  provides  that  the  bars  are  to  be  bent  up  from  the  bottom  to  the  top 
at  the  points  of  contra  flexure,  and  that  if  the  slab  is  square,  one  half  of  the  total 
bending  moment  shaU  be  assumed  to  be  carried  by  the  reinforcement  in  each 
direction. 


Values  ofj 


Regulation  42  stipulates  that  if  the  slab  is  oblong,  and  the  long  side  is  not  less 
than  one  and  a  half  times  the  length  of  the  short  side,  the  total  bending  moment  is 
to  be  carried  by  the  transverse  reinforcement. 

It  further  provides  that  if  the  long  side,  /,  is  less  than  one  and  a  half  times  the 
length  of  the  short  side,  b,  the  proportion,  r,  of  the  total  bending  moment  shall  be 
carried  by  the  transverse  reinforcement,  while  the  remainder  shall  be  carried  by  the 
longitudinal  reinforcement  where 

I 

Two-thirds  of  the  moments  thus  calculated  are  to  be  assumed  to  be  resisted 
by  the  middle  half  of  the  slab,  and  one-third  by  the  outside  quarters. 

"With  respect  to  this  regulation  the  first  proviso  is  more  severe  than  the  usual 
practice  of  allowing  a  portion  of  the  bending  moment  to  be  resisted  by  the  longitudinal 
reinforcement  until  the  length  of  the  slab  becomes  tA\dce  its  breadth. 
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With  respect  to  the  vahies  for  r,  the  above  straight-Une  equation,  which  is  that 
recommended  by  the  Special  Committee  of  the  American  Society  of  Civil  Engineers, 
gives  a  greater  proportion  of  the  bending  moment  to  be  resisted  in  a  transverse  direc- 
tion, and  a  lesser  proportion  in  a  longitudinal  direction  than  according  to  the  Grashof 
and  Rankine  rule  ;    except  for  square  slabs. 

Fig.  4  shows  the  comparison  of  the  values  of  r  according  to  Grashof  and  Rankine, 
the  French  Government  and  the  American  Society  of  Civil  Engineers,  or  vSydney 
regulations. 

Regulations  43  to  62  inclusive  deal  with  mushroom  floors  or  flat  slabs  without 
beams  or  girders.  These  regulations  follow  the  recommendations  of  the  Special 
Committee  of  the  American  Society  of  Civil  Engineers,  and  it  may  be  presumed  that 
they  embody  the  best  practice  for  such  floors,  as  the  membership  of  this  Committee 
included  most  of  the  best-known  reinforced  concrete  experts  in  the  United  States. 

This  form  of  construction  has  not,  up  to  the  present,  been  adopted  in  this  country, 
although  it  is  widely  employed  in  the  United  States,  and  with  excellent  results. 

The  American  Committee  state  that  the  treatment  recommended  by  them  is 
necessarily  more  or  less  empirical. 

Regulation  43  contains  a  general  definition  of  the  flat  slab. 

Regulation  44  deals  with  the  diameter  to  be  given  to  the  column  capitals,  stating 
that  the  diameter  is  visually  0-225  of  ^he  panel  length  between  centres  of  adjacent 
columns. 

Regulation  45  provides  that  the  width  of  a  dropped  panel,  or  the  thickening  of 
the  floor  slab  sometimes  provided  throughout  an  area  surrounding  the  column  capital, 
shall  be  at  least  four-tenths  of  the  corresponding  side  of  the  panel  from  centre  to 
centre  of  columns. 

Regulation  43  gives  the  least  thicknesses  for  the  slab,  being  in  inches  : 
0-024  ^V^+i'S  ^'^^  ^  slab  without  dropped  panels  ; 
0-2  l\/w-^i  for  a  slab  with  dropped  panels  ;  or 

0-03  /-y/t£.'+i-5  for  a  slab  with  dropped  panels  whose  width  is  four-tenths  the  panel 

length  ; 
where  /=panel  length  in  feet,  and  7<L^  =  the  sum  of  the  live  and  dead  loads  in  lb.  per 
sq.  ft. 

It  further  provides  that  the  thickness  shall  never  be  less  than  6  in.,  or  the  thickness 
of  a  floor  less  than  one-thirty-second  the  panel  length  or  a  roof  slab  less  than  one- 
fortieth  of  the  panel  length. 

Regulations  47  to  50  inclusive  deal  with  bending  moments  and  their  distribution. 

They  provide  that  the  effective  span  in  a  direction  normal  to  the  section  on  which 
the  bending  moment  acts  is  the  span  centre  to  centre  of  columns,  less  two-thirds  the 
diameter  of  the  column  capital. 

For  a  square  interior  panel,  where  /  is  the  rectangular  distance  centre  to  centre 
of  columns,  and  c  the  diameter  of  the  column  capitals  the  positive  bending  moment 
on  the  section  across  the  middle  of  the  slab  is  to  be 

25' 

The  negative  bending  moment  on  a  section  following  the  panel  edge  and  column 
capital  is  to  be 

M=f{i-icy 

If  the  panel  length  of  an  oblong  interior  panel  does  not  exceed  the  widt'n  by 
more  than  5  per  cent,  the  slab  computations  may  be  made  on  the  bases  of  a  square 
panel  with  sides  equal  to  the  mean  of  the  length  and  breadth. 
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Where  the  length  exceeds  the  breadth  by  more  than  one-twentieth  and  by  not 
more  than  one-third,  the  positive  bending  moments  on  sections  across  the  middle  of 
the  slab  parallel  respectively  to  the  long  and  short  side  must  be 

25 
while  the  negative  bending  moments  on  sections  following  the  panel  edges  and  column 
capitals  parallel  to  the  length  and  breadth  of  the  slab  respectively  must  be 

For  the  distribution  of  the  bending  moments  over  the  lengths  of  the  sections  the 
slab  is  divided  as  in  Fig.  5. 

Of  the  positive  moments,  at  least  23  per  cent,  must  be  provided  for  in  the  ''  inner 

section  "  and  in  the  two  "  outer  sections  "  at  least 
55  per  cent,  must  be  provided  for  in  the  case  of  slabs 
without  dropped  panels  and  60  per  cent,  in  slabs 
having  dropped  panels  ;   except  that  in  calculations 


.:^g 


Js5 


'^ 


to  determine  the  necessary  thickness  of  slab  away 

from  the  dropped  panel,  at  least  70  per  cent,  must 

be  considered  as  acting  in  the  two  "  outer  sections." 

Of  the  negative  moments,  at  least  20  per  cent. 

^^  J      must  be  provided  for  in  the  "  mid  section,"  and  at 

\ /         least  65  per  cent,  in  the  two  ' '  column-head  sections  ' ' ; 

except  that  in  slabs  Avith   dropped  panels,  at  least 

■  80   per    cent,    must   be     provided    for    in    the    two 

"  column-head  sections." 

Regulation  5 1  provides  for  the  moments  on  wall  panels,  stating  that  the  coefficient 

of  the  negative  moment  at  the  first  row  of  columns  shall  be  increased  20  per  cent. 

over  that  required  for  interior  panels,  and  that  the  coefficient  of  the  positive  moment 

at  the  section  half-way  to  the  wall  shall  also  be  increased  by  20  per  cent.     It  also 

pro\T.des  that  if  beams  are  not  provided  along  the  wall,  or  the  slab  does  not  project 

as  a cantile\er  beyond  the  column  line,  the  reinforcement  parallel  to  the  length  of  the 

waU  for  the  negative  moment  in  the  outer  portion  shall  be  increased  20  per  cent. 

Regulation  52  provides  that  beams  must  be  constructed  to  carry  walls  or  other 
concentrated  loads  which  are  in  excess  of  the  carrying  capacity  of  the  slabs,  and  that 
beams  must  also  be  provided  where  openings  in  the  floors  reduce  the  strength  of  the 
slab  below  the  required  carrying  capacity. 

Regulations  53  to  61  inclusive  deal  with  the  slab  reinforcement.  They  provide 
that  the  point  of  contra-flexure  on  any  hne  parallel  to  the  panel  edge  shall  be  taken 
as  one-fifth  of  the  clear  distance  on  that  line  between  the  two  sections  of  negative 
moment  at  opposite  ends  of  the  panel,  but  that  for  slabs  having  dropped  panels  the 
coefficient  of  one-fourth  shall  be  used  instead  of  one-fifth. 

That  adequate  provision  must  be  made  to  secure  the  reinforcement  in  place,  and 
that  all  bars  shall  extend  on  each  side  of  a  section  of  maximum  moments  to  points  at 
least  twenty  diameters  beyond  the  point  of  contra-flexure,  or  be  hooked  or  anchored 
at  the  point  of  contra-flexure. 

That  for  a  "  column-head  section  "  the  bars  parallel  to  the  straight  portion  of 
the  section  do  not  contribute  to  the  negative  resisting  moment,  and  that  the  sectional 
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area  of  diagonal  bars  multiplied  by  the  sine  of  the  angle  between  the  diagonal  of  the 
panel  and  the  straight  portion  of  the  section  under  consideration,  shall  be  taken  as 
acting  as  reinforcement  in  a  rectangular  direction. 

That  bars  in  diagonal  bands  used  as  reinforcement  for  negative  moments  must 
extend  on  each  side  of  a  line  through  the  column  centre,  at  right  angles  to  their 
direction  at  least  a  distance  of  35  per  cent,  of  the  panel  length,  and  diagonal  bars 
used  as  reinforcement  for  positive  moments  must  extend  on  each  side  of  a  diagonal 
through  the  centre  of  the  panel  at  least  a  distance  of  35  per  cent,  of  the  panel  length. 

That  not  more  than  one-third  of  the  bars  in  any  direction  must  be  made  of  a 
length  less  than  that  between  the  centres  of  columns  in  that  direction. 

That  continuous  bars  must  not  be  bent  up  at  the  same  point  of  their  lengths, 
but  the  zone  in  which  the  bending  occurs  must  extend  on  each  side  of  the  point  of 
contra-flexure,  and  must  cover  a  width  of  at  least  one-fifteenth  of  the  panel  length 
and  that  in  a  four-way  reinforcement  the  position  of  the  bars  in  both  diagonal  and 
rectangular  directions  must  be  considered  in  determining  whether  the  width  of  zone 
of  bending  up  is  suf&cient. 

That  at  constructional  joints  extra  reinforcing  bars  must  be  pro\ided  suf&cient 
to  increase  the  area  of  the  bars  by  20  per  cent.,  and  they  must  extend  not  less  than 
fifty  diameters  beyond  the  joint  on  each  side. 

Regulation  62  provides  that  in  calculations  for  diagonal  tension  or  shearing  stress, 
the  total  shearing  stress  on  two  "  column-head  sections  "  shall  be  considered  to  be 
one-fourth  of  the  total  load  on  the  panel  for  a  slab  of  imiform  thickness  and  three- 
tenths  of  the  total  load  on  the  panel  for  a  slab  with  dropped  panels. 

(To  he  continued.) 


MEMORANDUM. 

A  Tasmanian  ReinJorced  Concrete  Bridge. — In  a  recent  issue  of  The  Conunomvealth 
Engineer  'Mr.  W .  Ximmo,  Engineer,  Public  Works  Department,  Hobart,  gives  the 
following  short  particulars  of  the  first  reinforced  concrete  bridge  erected  in  Tasmania 
The  bridge,  which  is  situated  at  Dilston,  carries  the  main  road  from  Launceston  to 
Georgetown  over  Nelson's  creek.  The  bridge  consists  of  three  spans  (not  continuous) 
of  38  ft.  each,  and  supported  on  two  abutments  and  two  piers,  the  deck  being  30  ft. 
above  the  creek  bed.  The  roadway,  which  is  laid  with  tarred  metal,  is  16  ft.  -wide, 
the  width  of  the  bridge  over  all  being  18  ft.  There  are  four  T  beams,  15  in.  wide 
and  35  in.  in  depth,  including  the  deck  slab,  which  is  6  in.  thick.  Each  beam  is  designed 
for  a  maximum  moment  of  3^  million  inch  pounds,  and  the  reinforcement  consists 
ol  i|  in.  round  bars,  eight  at  the  bottom  and  three  at  the  top.  The  piers  are  unbraced 
frames,  consisting  of  three  legs  18  in.  square,  joined  by  horizontal  struts,  all  members 
being  reinforced  to  resist  bending  moments. 

The  whole  of  the  reinforcement  consists  of  plain  round  bars,  most  of  which  the 
department  had  available  on  other  works.  The  use  of  this  material  necessitated 
minor  alterations  in  the  original  design,  and  the  cutting  and  welding  of  some  of  the 
main  bars,  such  welding,  however,  was  restricted  to  the  extreme  ends  of  bars  that  are 
hooked. 

The  rails  consist  of  old  boring  pipes  with  internal  joints.  These  pipes  are  about 
3|  in.  external  diameter,  and  give  a  better  appearance  than  ordinary  2  in.  water  pipe, 
the  present  cost  of  which  is  very  high. 

The  bridge  contains  120  cu.  yds.  of  concrete  and  12I  tons  of  steel.  A  small 
training  wall  of  concrete  has  also  been  built  on  each  side  of  the  creek.  The  cost  of 
the  bridge,  including  training  walls  and  road  approaches,  was  about  £1,150  The 
bridge  was  designed  by  Mr.  Nimmo. 
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A  Reinforced  Concrete  Road  in  U.S.A. 


CONCRETE 
ROADS. 

Some  Interesting  Highway 

Tests  and    the  Application 

of  the  Method  on  Industrial 

Works. 
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in  lbs.  per  ton 
263 
218 

92 

/S 

64 

rpen  lay's 

40 

28 

A  SET  of  tests,  at  once  interesting  and  instructive,  has  recently  been  carried  out 
in  California  with  a  view  to  ascertaining  the  amount  of  pull  necessary  to  keep  a 
trailing  load  in  motion  after  it  had  been  started  on  different  types  of  roadway. 
The  load  of  3  tons  gross  consisted  of  a  farm  wagon  loaded  with  sacks  of  rice,  and 
the  motive  power  was  supplied  in  the  horse-drawn  tests  by  a  team  of  draught 
horses,  and  in  the  motor  tests  by  a  two-ton  truck. 

Great  care  was  taken  that  the  conditions  should  be  kept  uniform  throughout 
tlie  tests,  and  to  this  end,  the  same  wagon,  the  same  load,  the  same  horses  or 
truck,  the  same  driver,  the  same  speed,  and  the  same  weather  conditions  were 
selected.     The  results  obtained  were  as  follows  : — 

Character  of  Road. 
Loose  gravel,  not  packed  down,  new  road 
Earth  road,  stiff  mud  on  top,  firm  heneatli 
Earth  road,  fine  dust     .  . 
Gravel  road  in  good  normal  condition 
Water-bound  macadam,  good  condition 
Concrete  base,  |-in.  skin  top  of  asphaltic  oil 
Unsurfaced  concrete 

In  other  words,  a  load  that  just  measun 
on  an  unsurfaced  concrete  road,  will  require  nine  horses  on  a  waterbound  macadam 
road,  thirteen  on  a  dry  earth  road  and  thirty-one  on  an  earth  road  with  stiff  but 
shallow  mud  ;  or  to  put  it  in  a  different  way  comparing  other  types  of  road  with 
the  unsurfaced  concrete,  there  is  a  waste  of  128  per  cent,  of  power  in  the  case  of 
waterbound  macadam,  228  per  cent,  on  the  dry  earth  road,  and  678  per  cent,  on 
the  earth  road  with  stiff  shallow  mud. 

The  above  tests  were  made  in  dry,  warm  weather,  in  order  to  eliminate  the 
complication  of  a  wet,  muddy  surface.  Had  they  been  made  under  the 
latter  conditions  the  percentages  would  undoubtedly  have  been  very  much  higher. 

To  both  the  farmer,  who  does  his  work  mostly  with  horses,  and  the  motor 
owner  whose  power  is  supplied  by  petrol,  this  is  a  matter  of  grave  concern,  since 
in  each  case  waste  of  power  means  inefftciency,  and  therefore  loss. 

Another  series  of  tests,  we  learn  from  the  Railway  Age,  was  carried  out  some 
time  ago  in  the  shopyards  of  the  Atchison,  Topeka  and  Santa  Fe  Company  at 
Topeka.     Here  the  haulage  of  material  was  done  bv  horse  and  cart  and  bv  electric 
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trucks  o\-er  earth  and  cinder  pathways.  This,  however,  was  found  to  be  costly. 
An  exhaustive  study  of  hauHng  and  trucking  conditions  was  therefore  made, 
inchiding  a  series  of  tests  with  an  electric  truck,  the  object  being  to  determine 
the  difference  in  power  necessary  to  start  and  pull  a  loaded  truck  with  and  without 
trailers  over  earth,  oiled  cinders,  wood,  metal,  and  concrete  roadways. 

The  final  result  of  these  tests  showed  that  an  electric  truck  could  handle 
only  a  small  percentage  of  its  full  tonnage  when  used  on  earth  or  cinder  roads, 
even  when  these  roads  were  in  good  condition,  and  clearly  indicated  the  great 
advantage  of  concrete  roads  over  wood,  metal,  and  especially  oiled  cinders,  the 
truck  handling  four  to  five  times  as  large  a  load  at  a  smaller  power  output 
on  the  concrete  roads  than  on  the  last-named  of  the  others.  In  view  of  these 
conclusions  the  Company  has  laid  down  about  2|  miles  of  concrete  roadways  a 
description  of  which  appeared  in  the  May  issue  of  Conxrete  and  Constructional 
Engineering. 

Apropos  of  the  above,  a  concrete  road  has  recently  been  laid  down  at  the 
works  of  Messrs.  Jos.  Baker  &  Sons,  engineers,  Willesden  Junction,  under  the 
superintendence  of  Mr.  S.  W.  Moscrip,  the  engineer. 

Having  studied  the  concrete  roads  of  America  and  of  this  country,  and 
examined  the  question  in  all  its  bearings,  Mr.  Moscrip  was  satisfied  that  a 
concrete  road  was  calculated  to  meet,  more  satisfactoril}^  than  any  other,  the 
demands  made  upon  it  bv  the  heav\-  traffic  which  a  road  of  this  description  has 
to  carry  ;  the  Companv  therefore  decided  to  give  this  method  of  construction  a 
trial. 

The  foundation,  with  which  great  care  was  taken  since  this  is  an  important 
factor  of  success  in  concrete  road-making,  consisted  of  a  mixture  of  clinker  and 
ballast  well  rolled  and  consolidated.  The  kerbing  which  was  laid  first  is  i  ft.  in 
depth,  and  is  battered  on  both  sides,  being  6  in.  wide  at  the  top  and  9  in.  at  the 
bottom.  The  concrete  for  the  road  itself  is  6  in.  in  thickness,  and  was  laid  in  two 
courses,  a  lower  course  of  4  in.,  consisting  of  a  mixture  of  i  part  Portland  cement 
and  5  parts  coarse  material,  and  an  upper  layer  of  2  in., consisting  of  i  part  Portland 
cement,  i  part  sand,  and  2  parts  pea  shingle,  graded  up  to  f-in.  diameter.  The 
reinforcement  consists  of  steel  mesh.  Adopting  the  principle,  to  which,  where 
reinforcement  is  used,  recent  experiments  seem  to  point  as  being  sound,  no 
expansion  joints  were  provided.  The  concrete  was  laid  in  alternate  bays,  and  the 
material  in  the  intervening  spaces  was  laid  close  up  to  the  concrete  already  in 
position.  The  surface  was  worked  over  by  a  trammel,  shaped  to  the  camber  of 
the  road,  and  was  afterwards  finished  with  a  wooden  float.  When  the  concrete 
was  sufficiently  hard,  the  road  was  covered  to  a  depth  of  about  2  in.  with  ashes, 
which  were  kept  constantly  moist,  and  allowed  to  remain  for  three  or  four  weeks. 

The  road,  so  far  constructed,  is  about  200  yds.  in  length  and  24  ft.  wide,  and 
the  result  is  satisfactorv  in  every  way.  The  surface  is  even  but  not  smooth,  and 
presents  a  "  dead  "  face  which  affords  an  excellent  grip  for  horses  and  motor 
vehicles,  and  enables  each  to  work  up  to  its  maximum  power  ;  and  although  some 
two  or  three  hundred  tons  of  traffic  pass  over  the  road  daily,  there  is  in  it  neither 
crack  nor  flaw.  Indeed,  so  satisfied  is  the  engineer  with  the  result  of  this  experi- 
ment, that  the  Company  has  in  contemplation  the  construction  of  concrete  road- 
ways throughout  the  wliole  of  its  yards. 
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Another  example  of  the  concrete  road  in  connection  with  industrial  works  is 
that  which  forms  the  approach  to  the  Ingress  Abbey  Mills  of  the  Wall  Paper 
Manufacturers,  Ltd.,  at  Greenhithe.  The  length  which  has  been  concreted  is 
about  800  ft.,  and  the  width  of  the  road  is  18  ft.  between  the  kerbs.  Concrete 
kerbing,  6  in.  thick,  was  first  moulded  in  siiu,  the  mixture  used  being  3  of  sand  to 
I  of  cement.  No  reinforcement  was  used  for  this  kerbing,  but  to  allow  for  con- 
traction, joints  were  formed  with  deal  strips  \  in.  thick,  spaced  every  12  ft.  The 
concrete  of  the  road  was  6  in.  in  thickness,  and  consisted  of  a  bottom  4  in.  of 
6  :  I  mixture,  and  a  finishing  surface  2  in.  thick  of  3  :  I.  It  was  reinforced 
throughout  with  B.R.C  fabric  No.  9,  placed  as  nearly  as  possible  3  in.  above  the 
bottom — i.e.,  in  the  centre  of  the  concrete.  In  order  to  reduce  the  number  of 
joints  (which  are  a  source  of  weakness  in  concrete  roads),  each  day's  work  was  done 
continuously  in  one  bay,  and  sufficient  space  was  left  between  one  day's  work 
and  the  next  to  allow  of  the  intervening  bay  being  put  in  afterwards  when  those 
on  each  side  were  set.  One  thickness  of  tarred  paper  was  placed  against  the  ends 
of  the  completed  bays  before  the  intervening  bay  was  filled  in.  The  reinforce- 
ment was  placed  so  that  it  stopped  2  in.  from  the  end  of  each  bay,  and  also  2  in. 
from  the  kerbing  on  each  side  in  order  to  ensure  that  it  was  protected  by  concrete 
from  any  risk  of  corrosion. 

The  whole  road  is  on  a  gradient  from  one  end  to  the  other,  but  the 
gradient  varies  throughout  its  length.  A  cross  fall  to  both  kerbs  of  i  in  50  was 
provided.  The  contractors  were  Messrs.  Wm.  Griffiths  &  Co.,  Ltd.,  Hamilton 
House,  Bishopsgate,  E.C. 

The  last  of  the  photographs  illustrating  theee  notes  shows  a  concrete  road 
recently  laid  down  at  an  important  factory  in  the  South  of  England.  The  road 
runs  the  whole  length  of  the  main  buildings,  some  2,500  ft.  in  all. 

During  the  construction  of  the  factory  a  hard  core  roadway  had  been  formed 
approximately  on  the  same  lines  as  the  new  concrete  road,  for  which  a  good 
foundation  had  thus  been  prepared.  Preparatorj^  to  starting  work  on  the  concrete 
road  the  top  of  the  hard  core  was  picked  over,  screened,  levelled  and  rolled. 
Concrete  kerbs  which  had  previouslv  been  cast  in  moulds  were  then  laid  on  a 
concrete  bed  on  either  side  of  the  new  road,  and  served  as  forms  for  the  concrete 
which  was  laid  in  situ. 

The  roadwav  itself  is  10  ft.  wide  between  the  kerbs,  with  double  width 
passing-place,  and  consists  of  6  :  i  cement  concrete  6  in.  thick,  laid  direct  on  the 
hard  core  referred  to.  No  reinforcement  of  any  kind  was  used,  but  the  concrete 
was  deposited  in  alternate  sections  10  ft.  8  in.  in  length  and  the  full  width  of  the 
road.  Upon  this  was  laid  a  surface  coat,  ij  in.  in  thickness,  consisting  of  grano- 
hthic  paving.  When  these  sections  had  set,  the  intervening  portions  were  laid 
in  a  similar  manner. 

The  road  is  used  chiefly  by  rubber-tyred  three-ton  petrol  lorries  delivering 
goods  to  and  from  the  various  parts  of  the  factory. 

The  concrete  work  was  carried  out  by  Messrs.  Stuart's  Granolithic  Company. 

The  above  are  examples  of  what  may  be  successfully  accomplished  by  enter- 
prising private  firms,  but  there  is  the  larger  question  of  our  public  roads,  and,  as 
Mr.  F.  A.  A.  Talbot,  writing  in  World's  Work,  says,  it  is  a  moot  point  whether 
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there  is  any  issue  of  such  pronounced  significance  to  the  community  at  large  at 
this  moment  as  the  condition  of  our  highways.  They  have  been  subjected  to 
extraordinary  traffic,  and  even  what  may  be  described  as  legitimate  traffic,  with 
its  coincident  wear  and  tear,  has  attained  a  volume  which  has  eclipsed  the  most 
liberal  anticipations.     Every  effort  has  been,  and  still  is  being  made  to  keep  the 


Reinforced  Concrete  Road  at  thk  Works  of  Messrs.  Jos.  Baker  &  Sons. 


ssRs.  Jos.  Baker  &  Sons, 


arteries  of  traffic  in  a  fairly  passable  condition.  But  the  responsible  authorities 
are  faced  with  prodigious  difficulty.  They  can  do  little  but  carry  out  hurried 
patchwork  operations  here  and  there  on  the  principle  that  a  stitch  in  time  saves 
nine,  but  that  is  all. 

Reconstruction,  continues  tliis  writer,  is  strongly  advocated  in  preference  to 
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renovation,  owing  to  the  experience  acquired  by  load-building  engineers  in  the 
past.  This  has  demonstrated  repeatedly  and  conclusively  that  it  is  far  cheaper 
to  commence  de  novo,  and  to  build  for  the  traffic  which  has  to  be  met,  than  to 
adapt  that  existing  to  satisfy  the  conditions  imposed.  The  resolve  to  build  the 
roads  to  accommodate  the  heavy  motor  traffic  raises  the  question  as  to  whether 
the  time  has  not  arrived  for  us  to  revise  the  whole  of  our  ideas  concerning  road 
engineering. 

Fortunately  the  problem  of  road  construction  in  such  a  manner  as  to  stand 
up  against  the  heaviest  and  swiftest  traffic  is  not  insuperable.  During  the  past 
few  years  the  reinforced  concrete  method  has  gained  increasing  vogue,  and  has 
achieved  widespread  application  in  the  laying  out  of  new  roads,  more  particularly 
in  such  countries  as  the  United  States,  where  the  necessity  for  improved  rural 
communications  has  become  emphasised  :  and,  certainly,  the  results  so  far  achieved 


\ 

A  Concrete  Road  at  a  Factorv  in  the  South  of  England. 

point  conclusively  to  the  durability,  strength,  and  traffic-resistance  qualities  of 
this  form  of  construction.  One  great  advantage  of  the  system  is  that  a  mono- 
lithic road  is  secured,  which  does  not  develop  pot-holes,  which  can  be  cheaply  and 
easily  cleaned,  which  is  dustless,  and  which,  when  properly  built,  is  capable  of 
bearing  the  heaviest  class  of  traffic. 

It  has  been  objected  that  access  to  gas,  water,  and  other  mains  as  well  as 
underground  cables  would  be  rendered  more  difficult  and  expensive,  and  that  in 
breaking  the  surface  to  reach  these  underground  services  widespread  destruction 
to  the  road  would  be  necessary,  even  if  the  actual  metal  skeleton  were  not  some- 
what weakened.     But  experience  has  disproved  these  contentions. 

Several  more  or  less  experimental  stretches  of  public  road  in  this  country 
have  been  laid  in  concrete.  In  one  instance  the  road  is  subject  to  the  strains  and 
stresses  set  up  by  the  vehicles  emerging  from  two  well-known  heavy  lorry  factories. 
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The  stretch  was  built  before  the  war,  and  was  designed  to  meet  the  standard 
lorry  traffic  of  the  day.  During  the  past  three  and  a  half  years  it  has  been  sub- 
mitted to  the  constant  strain  of  specially  built  military  vehicles,  and  even  this 
strenuous  unusual  trafhc  has  failed  to  precipitate  the  slightest  sign  of  weakness. 
So  satisfied  is  the  engineer  with  the  result  that  he  has  expressed  his  intention  of 
putting  down  similar  roads  in  future,  and  from  the  experience  gained  in  other 
experimental  stretches  of  roadway  many  of  our  foremost  road  designers  and 
builders  have  come  to  the  conclusion  that  the  reinforced  concrete  highway  will 
become  the  road  of  the  future 


Concrete  Roads  in  Auckland,  .V.Z.^Some  time  ago*  we  were  able  to  publish 
some  short  particulars  regarding  the  reinforced  concrete  road  constructed  at 
Auckland,  N.Z.,  namely,  Little  Queen  Street,  one  of  the  important  thoroughfares 
of  that  city.  The  following  is  a  paragraph  which  has  appeared  in  a  recent  issue 
of  The  Commonwealth  Engineer  regarding  this  street,  which  has  been  laid  for  two 
years,  and  the  views  expressed  as  regards  concrete  roads  generally  will  no  doubt 
interest  our  readers  : 

"  The  works  committee  of  the  Auckland,  X.Z.,  city  council,  having  discussed 
the  question  of  permanent  paving  of  streets  and  roads,  the  mayor,  ]\Ir.  J.  H. 
Gunson,  states  that  the  ratepayers  can  now  take  it  as  definitely  settled  that  the 
material  to  be  utilised  in  future  for  this  work  would  be  concrete.  The  council 
was  satisfied  that  the  cost  of  asphalte  and  wood  blocks  was  loo  per  cent,  more 
than  that  of  concrete.  The  two  former  were,  therefore,  things  of  the  past  as  far 
as  Auckland  was  concerned.  Concrete  paving  would  be  u?ed  wherever  it  was 
practicable.  This  material  was  giving  splendid  results,  particularh'  when  coated 
with  a  special  preparation,  as  in  the  case  of  Little  Queen  Street,  where  the  paving 
had  been  laid  for  tw^o  years  and  proved  effectual,  in  spite  of  verj^  heavy  traffic. 
A  vigorous  concrete  roading  policy  would  be  instituted  by  the  council  immediately 
after  the  war,  when  it  was  hoped  that  Ponsonby  Road  and  other  main  roads  would 
receive  attention.  The  only  remaining  large  concrete  paving  proposition  was 
that  of  Beach  Road. 
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SOME  NOTES  ON    CONCRETE   SHIPBUILDING. 


GREAT    BRITAIN. 

In  our  last  issue  we  briefly  referred  to  the  first  large  sea-going  concrete  vessel 
built  in  the  United  Kingdom,  and  which  is  to  be  taken  over  for  and  used  by  the 
Government. 

The  accompanying  illustrations  {Figs.  2  to  4)  show  this  vessel  completed, 
and  for  the  convenience  of  our  readers  we  would  briefly  repeat  that  the  dimensions 
of  the  vessel  are  : — Length,  150  ft.  ;  breadth,  24  ft.  6  in.  ;  depth,  13  ft.  6  in.  ; 
draft,  10  ft.  ii|  in.  The  barge  has  a  displacement  of  about  900  tons  and  a  dead- 
weight carrying  capacity  of  400  tons  on  11  ft.  draft. 

It  is  divided  by  four  watertight  bulkheads  in  five  compartments. 

The  forward  compartment  is  used  for  stores,  holds,  and  chain  lockers,  and  the 
aft  compartment  for  crew's  quarters. 

The  barge  is  a  towing  barge  for  sea-going  traffic  and  is  fitted  \\ith  the  necessary 
towing  appliances. 

Being  the  first  large  concrete  vessel  built  in  this  country,  it  was  thought 
advisable  to  make  it  of  considerable  strength,  and  both  in  designing  the  vessel 
and  also  in  carrying  out  the  work  strength  rather  than  lightness  or  economy  has 
been  the  main  consideration. 

To  be  able  to  make  close  comparisons  between  this  vessel  and  steel  vessels, 
it  has  been  constructed  according  to  the  ordinary  ship  lines,  which,  of  course,  has- 
added  greatly  to  the  labour  and  cost  of  constructing  the  wooden  casing  for  the 
concrete,  in  order  to  get  the  correct  curves  both  longitudinally  and  transversely, 
but  the  result  has  been  a  vessel  of  pleasing  appearance,  and,  as  far  as  can  be 
estimated,  also  of  superior  strength. 

The  vessel  has  been  built  according  to  Lloyd's  regulations  and  under  their 
inspection,  and  it  has  been  classified  "  Ai  "  by  that  Society. 

About  260  cube  yards  of  concrete  and  65  tons  of  steel  bars  were  used  in  the 
construction  of  the  vessel. 
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Fig.  2.      View  of  Wooden  Ribs,  showing  the  shape  of  the  boat  stern.     Close  boarding  is  nailed 

to  the  ribs  to  form  a  mould  for  the  concrete.     An  outer  and  inner  mould  are  constructed 

between  which  the  concrete  is  cast. 


Fig.  3.     Showing  the  completed  steel  reinforcement  ne.ir  the  bows. 
Thf.  First  Reinforced  Concrete  Se.\going  Vessel  blilt  in  Gre.\t  Britain. 
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From  notices  which  have  appeared  from  time  to  time  in  our  daily  press  we 
gather  that  there  is  a  great  activity  at  the  present  moment  in  the  direction  of 
concrete  shipbuilding  in  our  various  national  shipyards,  and  our  attention  has  been 


drawn  to  the  work  that  is  being  done  at  the  Wye  shipyards,  where  concrete  is  being 
extensively  used  for  the  building  of  vessels. 

UNITED    STATES. 

In  our  last  issue  we  were  able  to  give  particulars  of  the  Faith,  a  5,000-ton 
vessel  erected  in  the  I'nitod  States,     ^^'e  showed  the  ^•essel  in  course  of  construc- 
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Fig.  5.     Deck  View  of  the  Reinforced  Concrete  Steamship  "  Faith,"  built  in  U.S.A. 


Copyright  International  Film  Service  Inc.] 

Fig.  6.     View  of  the  "  Faith  "  prior  to  launching!. 
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tion,  and  are  pleased  to  be  able  to  present  in  Figs,  i,  5  and  6  views  of  the  completed 
ship.     We  learn  that  she  recently  ran  a  satisfactory  trial  trip. 

The    following    is    a    cablegram    receiAed   from     Chicago    just    prior    to 
going  to  press : — 

"  Concrete  steamer   Faith    San    Francisco    to    Vancouver   arrived   Seattle 
rough  voyage  eighty  mile  gale  vessel  absolutely  seaworthy." 


MEMORANDUM 

ON      CONCRETE      SHIPS. 

The  following  are  some  questions  put  and  answers  given  in  the  House  of  Commons 
on  May  8th  regarding  concrete  ships  : — 

Mr.  P.  A.  Harris  asked  the  First  Lord  of  the  Admiralty  whether  Italian  concrete 
ships  have  been  built  and  have  been  in  regular  service  in  the  Mediterranean  and  in 
the  Adriatic  some  ten  years  ;  and  whether  he  will  state  the  tonnage  of  the  largest 
British-built  concrete  sea-going  vessel  afloat,  and  how  many  British-built  concrete 
sea-going  vessels  of  over  400  tons  gross  register  are  afloat  ? 

Mr.  Pretyman  :  It  is,  so  I  am  informed,  the  fact  that  the  first  concrete  vessels 
were  built  in  Italy,  but  they  were  of  very  small  dimensions  and  of  no  commercial 
value.  In  fact,  some  of  them  were  small  rowing  boats.  The  largest  concrete 
vessel  actually  afloat  in  English  waters  is  a  barge  of  a  little  under  400  tons,  and  this 
is  the  only  one  which  has  so  far  been  launched. 

Mr.  Harris  asked  the  First  Lord  of  the  Admiralt\-  how  many  reinforced 
concrete  ships  have  been  constructed  in  the  L'nited  States  ;  if  any  have  reached 
this  country  to  serve  as  a  model  for  shipbuilders  in  the  United  Kingdom  ;  and,  if 
not,  whether  arrangements  can  be  made  for  one  of  these  vessels  to  visit  England  ? 

Mr.  Pretymax  :  As  far  as  I  am  aware,  the  first  reinforced  concrete  ship 
constructed  in  the  L^nited  States  was  launched  at  San  Francisco  some  six  weeks  ago. 
This  vessel  has  a  dead-weight  carrying  capacity  of  5,000  tons,  but  beyond  this  ^'essel 
no  other  of  the  same  material  has  been  launched.  No  vessel  built  of  reinforced 
concrete  has  so  far  reached  this  countr}-  from  the  United  States,  and  it  is  unlikelv 
that  the  vessel  which  I  have  already  referred  to  will  be  sent  to  the  United  Kingdom. 
Should  it  be  found  possible  to  send  such  a  vessel  across  the  Atlantic,  my  hon.  friend 
may  rest  assured  that  every  advantage  will  be  taken  of  such  a  voyage  in  order  to 
submit  the  vessel  to  a  practical  test  and  to  obtain  such  information  as  will  enable 
construction  of  vessels  of  similar  types  to  proceed  as  rapidly  as  possible. 

Mr.  Harris  :  Have  returns  been  obtained  from  America  as  to  the  success  or 
otherwise  of  these  particular  ships  of  5,000  tons  ? 

Mr.  Pretymax  :  We  have  had  no  experience.  It  was  onlv  six  weeks  ago  that 
the  ship  was  launched. 

Mr.  Wiles  asked  the  First  Lord  of  the  Admiralty  whether  he  has  received 
detailed  technical  information  as  to  the  sea-going  vessel  of  5,000  tons  that  has  been 
launched  in  the  United  States,  and  of  which  a  number  of  duplicates  are  being  laid 
dowm  ;  whether  he  will  state  if  any  encouragement  is  being  given  in  this  country, 
either  to  existing  shipbuilders  or  newly-formed  enterprises,  to  construct  similar 
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concrete  ships  of  large  tonnage  ;  and  \vh\-,  having  regard  to  the  necessity  of 
economising  steel,  the  endeavours  of  his  Department  appear  limited  to  the 
construction  of  vessels  and  barges  of  only  1,000  tons  and  under  ? 

Mr.  Pretyman  :  Yes,  sir  ;  full  particulars  of  the  vessel  to  which  my  hon. 
friend  refers  have  been  received  in  this  country,  and  full  advantage  is  being  taken 
of  this  information.  Every  encouragement  is  being  given  by  the  Admiralty 
to  this  new  industry,  several  newly-formed  yards  having  been  laid  down  speciall}- 
for  constructing  concrete  craft,  while  existing  shipyards  have  been  encouraged 
to  form  branch  establishments  for  the  same  purpose  without  interference  with 
the  building  of  steel  vessels,  ^^^hilst  it  is  true  that  at  present  no  vessels  of  more 
than  1,000  tons  are  being  constructed  to  the  order  of  the  Admiralty,  it  should  not 
be  forgotten  that  there  was  a  very  urgent  demand  for  vessels  of  small  tonnage 
which  could  be  rapidly  constructed.  In  view  of  this  it  was  decided  to  concentrate 
on  the  smaller  craft  until  more  experience  had  been  obtained  as  to  the  construction 
of  such  craft,  and,  what  is  of  much  more  importance,  their  behaviour  when  at 
sea. 

My  hon.  friend  will  realise  that  in  a  new  method  of  construction  such  as  this 
there  are  very  many  details  of  which  full  knowledge  can  only  be  acquired  by 
experience.  He  may  rest  assured,  however,  that  the  building  of  vessels  of  rein- 
forced concrete  is  receiving  the  closest  attention,  and  that  every  advantage  will  be- 
taken of  the  knowledge  that  is  being  obtained. 

MEMORANDA. 

An  Improved  Method  of  Placing  Conduit  in  Concrete  Forms. — In  a  recent  issue 
of  Electricity  ]Mr.  ^^^  O.  Myers  gi\"es  the  following  description  for  an  improved  method 
of  placing  conduit  in  concrete  forms  : — 

"  The  method  adopted  is  that  of  placing  steel  conduit  in  the  forms  used  for 
concrete  foundations,  walls,  etc.,  so  that  it  can  be  bent  slightlv  after  the  forms  are 
removed  to  con-ect  errors  of  alignment.  I  used  this  scheme  in  placing  conduit  in 
the  foundation  for  a  steam  turbine,  where  the  starters  for  motor-driven  auxiliaries 
were  mounted  in  the  foundation  piers.  By  having  the  conduit  free  from  the  concrete 
for  a  distance  of  4  or  5  in.  back  from  the  face  of  the  wall,  I  was  enabled  to  bend  the 
conduit  end  sufficiently  to  make  the  conduit  fittings  true  with  the  face  of  the  wall. 

"  The  scheme  consists  in  simply  wrapping  rope  or  staging  around  the  conduit 
to  be  imbedded  in  concrete.  The  rope  can  be  pulled  out  after  the  fomis  are  removed, 
leaving  the  conduit  free  from  the  concrete  for  a  few  inches  back  from  the  face  of  the 
wall  so  that  it  m.ay  be  bent  slightly  to  correct  any  of  the  usual  errors  of  alignment. 
If  large  rope  is  used,  it  should  be  plastered  over  with  clay  and  wrapped  with  paper 
before  the  concrete  is  poured,  and  if  heavy  staging  is  used  it  is  better  to  use  more  than 
one  layer." 

Reinforced  Concrete  Poles.  Reinforced  concrete  poles  are  used  for  a  22,000-volt 
power  line  six  miles  long,  at  Brentwood,  California,  supplying  a  load  of  about  2,800 
horse-power.  The  poles  are  tapered  beams,  reinforced  symmetrically  on  two  sides, 
and  are  41  ft.  long,  17  in.  square  at  the  base,  and  8  in.  square  at  the  top.  The  spans 
vary  from  250  ft.  to  390  ft.  I'or  economy  of  material,  two  sizes  were  designed  ; 
the  heavier  ones  are  used  at  each  sub-station  and  for  every  fifth  pole  on  the  Une,  as 
well  as  at  crossings.  The  lighter  poles  serve  for  intermediates.  The  cross-arms 
were  moulded  with  the  poles,  and  the  whole  work  of  moulding  was  done  on  the  ground 
on  account  of  the  great  weight  of  the  finished  pole — averaging  about  four  tons.  In 
the  cross-arms  the  reinforcing  is  of  steel  angles,  which  carry  the  insulator  pins  directly, 
so  that  even  were  the  concrete  to  be  broken  from  the  arms,  the  stability  of  the  con- 
ducting system  would  not  be  impaired.  The  average  cost  per  pole  erected  wais  a 
little  less  than  /14. — Engineer. 
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A  STUDY  OF  ''THE  STONE  AGE"  IN  LONDON. 


Attention  has  been  called  from  time  to  time  in  the  pages  of  this  journal  to  the 
many  and  varied  uses  of  concrete  for  the  making  of  small  products,  quite  apart 
from  its  advantages  and  its  utility  for  large  structures  and  buildings  generally. 
The  difficulty  of  obtaining  timber  and  its  ever  increasing  price,  as  the  war  pro- 
gresses, have  been  important  factors  in  necessitating  the  finding  of  substitutes, 
and  to  a  very  large  extent  concrete  has  met  this  difficulty.  Our  readers  wall 
recall  not  only  the  references  we  have  made  from  time  to  time  to  the  small  concrete 
productions  but  the  numerous  illustrations  that  we  have  been  able  to  present 
of  work  actually  carried  out  in  this  direction.  But,  undoubtedly,  better  than 
the  written  word  or  illustration  is  the  visible  demonstration  of  the  actual  object. 
The  Concrete  Utilities  Bureau  may  therefore  be  congratulated  on  the  excellent 
collection  it  has  on  view  at  143,  Grosvenor  Road,  London,  S.W.  These  examples 
are  at  once  interesting  and  instructive  and  afford  convincing  testimony  of  what 
can  be  done  with  concrete.  Space  does  not  permit  of  our  dealing  at  length  with 
the  many  articles  which  are  to  be  seen,  therefore  we  here  briefly  classify  them. 

BUILDINGS. 

In  referring  to  work  under  this  heading,  we  confine  ourselves  to  what  ma}- 
be  termed  the  minor  accessories,  and  not  to  structural  work  itself.  The  builder 
who  can  spare  time  to  make  an  inspection  will  see  architraves,  carved  and  moulded 
panels,  cast  letters  for  fascia,  roofing  tiles,  hollow  blocks,  window  heads  and 
cills,  partition  slabs,  steps,  surfaces  of  various  colours  and  textures.  The  last- 
named  item  is  of  importance  to  the  user  of  concrete,  for  what  some  deem  its 
unattractive  surface  is  one  of  the  most  frequent  arguments  brought  against  it 
when  discussing  its  applicability  for  houses,  cottages,  and  the  like.  The  \'ariety 
and  artistic  colouring  of  the  decorative  panels  shown  give  ample  evidence  of  what 
can  be  done  to  overcome  this  objection. 

PUBLIC   AUTHORITIES. 

The  municipal  engineer  will  find  himself  well  repaid  by  a  visit  to  Grosvenor 
Road.  There  are  many  things  of  special  interest  to  those  who  have  control 
over  municipal  and  rural  services.  We  mention  especially  such  articles  as  for 
example,  culvert  blocks,  direction  posts,  paving  stones,  septic  tanks,  sewer  pipes, 
inspection  chambers,  kerbing  and  channelling,  lamp-posts,  piles,  manholes, 
headstones  for  graves,  tree  guards. 
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With  regard  to  the  last  named,  we  would  mention  that  these  are  used  as 
guards  to  prote':-t  tree  roots  in  footpaths. 

RAILWAYS. 

The  intense  interest  shown  by  many  of  our  most  important  railway  companies 
in  the  use  of  concrete  for  small  products  must  be  c\nclent  to  anyone  who  pays 
a  visit  to  the  above  address,  and  also  to  those  of  our  readers  who  are  cognisant 
of  the  articles  we  have  published  dealing  with  this  subject.  The  Great  Western, 
London  and  South  'U'estern,  North  Eastern,  and  Great  Northern  Railways 
have  special  depots  for  the  making  of  concrete  necessities  for  their  stations 
and  general  requirements  of  the  line.  The  work  done  in  this  wav  is  extensive 
and  excellent.  The  three  Companies  first  named  have  contributed  some  splendid 
examples,  and  these  form  a  valuable  and  attractive  addition  to  the  collection. 
They  include  culvert  blocks,  platform  coping  and  slabs,  platform  walls,  signal 
posts,  fencing  posts  of  every  description,  gate  posts,  tanks  and  troughs,  etc. 

Railway  Sleeper's. — The  interesting  and  far-reaching  experiments  made  under 
this  heading  will  be  fresh  in  the  minds  of  our  readers,  as  we  recently  presented 
a  detailed  review  of  the  work  that  has  been  carried  out  and  is  in  progress  not  only 
here,  but  also  in  America,  India  and  the  Colonies.  It  mav  be  safely  stated  that 
concrete  sleepers  are  finding  considerable  favour  for  light  railways,  sidings  and 
shunting  tracks  and  such  developments-have  been  made  that  their  adoption  on  the 
main  line  is  regarded  by  some  authorities  as  a  certaint>-  in  the  future  and  their 
success  on  some  Indian  railways  justifies  this  opinion. 

There  are  several  kinds  of  block  sleepers  exhibited,  and  we  understand  that 
some  of  these  have  come  through  very  satisfactopv'  trials.  One  in  particular, 
sent  by  the  N.E.R.,  which  has  just  been  removed  from  the  main  line  at  York, 
where  it  has  been  in  constant  service  over  four  years.  Whilst  on  this  subject 
we  may  add  that  the  concrete  railway  sleeper  should  find  a  greater  use  in  industrial 
works,  collieries,  dockyards,  etc.,  where  there  are  innumerable  tracks  of  more 
or  less  light  wagon  lines. 

THE    ESTATE    AND    FARM. 

The  uses  to  which  concrete  can  be  put  on  the  estate  and  farm  include  the 
following  : — Mangers,  troughs  and  tanks,  stable  paving,  garden  frames,  steps, 
fencing  posts,  gate  posts,  pergolas,  ornamental  products,  such  as  balustrades, 
vases  and  pedestals. 

Examples  of  all  these  may  be  seen,  and  undoubtedly  they  claim  special 
attention  in  view  of  the  great  developments  that  may  be  expected  to  take  place 
after  the  war  in  connection  with  our  agricultural  and  rural  districts. 

To  these,  we  are  informed,,  will  in  time  be  added  models  of  cow  stalls,  piggeries 
and  a  silo. 

MIXES. 

The  substitution  of  concrete  for  timber  in  mine  work  is  a  point  which  calls 
for  very  great  consideration  among  our  colliery  owners  and  mining  engineers. 
In  our  last  issue  we  printed  a  very  instructive  Memorandum  drawn  up  by  Mr.  Geo. 
Knox,  of  the  South  Wales  School  of  Mines,  dealing  with  concrete  mine  supports. 
In  former  issues  we  have  referred  to  the  many  uses  for  which  concrete  is  suitable 

309 


CONCRETE  UTILITIES.  [CQNCBETE^ 

in  connection  with  mining  engineering,  particularly  the  concrete  pit  prop,  which 
could  so  well  and  advantageously  take  the  place  of  the  timber  one.*  Two  concrete 
pit  props  are  included  in  this  collection. 

The  firms  and  others,  apart  from  the  Railway  Companies  above  referred  to, 
who  have  sent  specimens  of  their  concrete  specialities  many  of  which  we  have 
reviewed,  are  as  follows  : — Messrs.  Sharp,  Jones  &  Co.,  Parkstone,  Dorset  ; 
Stuarts  Granolithic  Co.,  Ltd.,  45,  Bedford  Row,  W.C.  ;  Patent  Victoria  Stone  Co., 
155,  Bishopsgate,  E.C.2  ;  Patent  Impervious  Stone  Co.,  Rutland  Wharf,  Hammer- 
smith, W.  ;  Old  Radnor  Trading  Co.,  Kington,  Herefordshire  ;  Tidnams.  Ltd., 
Wisbech;  Winget,  Ltd.,  25,  Victoria  Street,  Westminster,  S.W.  ;  The  Atlas 
Stone  Co.,  Coldhams  Lane,  Cambridge  ;  County  Borough  of  Croydon  ;  Borough 
Engineer  of  Aylesbury  ;  The  Pennanent  Way  Improvements  Co.,  Ltd.,  95, 
Colmore  Row,  Birmingham  ;   The  Gas  Light  and  Coke  Co.,  Beckton  Works. 

In  conclusion  we  may  state  that  those  who  avail  themselves  of  the  general 
invitation  to  inspect  the  Show  Room  of  the  Concrete  Utihties  Bureau  will  be  well 
rewarded. 

The  chief  office  of  the  Bureau,  of  which  Mr.  T.  J.  Clark  is  the  manager,  is  at 
6  Lloyds  Avenue,  London,  E.C.3. 

MEMORANDA. 

Defence  of  the  Realm  Regulations  (Regulation  30a).— Power  Driven  Machine  Tools 
or  Woodworking  Machines  and  Treadle  Lathes  for  woodworking  or  metal  (3  in.  centres 
and  over)  come  under  the  above  regulation. 

Intending  purchasers  must  make  application  for  permission  to  purchase  the 
machines  they  require  to  the  Executive  Officer  of  the  Area  Clearing  House  Board 
in  their  district. 

Firms  (including  Auctioneers)  must  obtain  permission  to  sell  machines  from  the 
Controller  of  Machine  Tools,  Charing  Cross  Buildings,  Embankment,  W.C. 2. 

The  New  Royal  Exchange  Building,  Calcutta. — From  an  interesting  publication 
sent  us  by  Mr.  I.  C.  Banerjee,  engineer,  builder  and  contractor,  Calcutta,  we  learn 
that  one  of  the  most  interesting  features  of  the  New  Royal  Exchange  at  Calcutta, 
from  a  constructional  point  of  view,  are  the  large  Loggia  columns  of  the  main  order, 
erected  in  reinforced  concrete.  These  columns  have  a  clear  height  of  41  ft.  2  in. 
and  are  battered  from  3  ft.  4  in.  at  the  base  to  3  ft.  at  the  top.  The  reinforcement 
consists  of  eight  i  in.  steel  bars  supported  at  12-in.  intervals  by  |  in.  round  stays. 
A  6  in.  down-take  pipe  in  the  centre  of  the  column  oifers  a  hidden  outlet  for  the 
roof  rain-water,  thus  doing  away  A\'ith  the  necessity  of  the  usual  unsightly  rain-water 
pipes  cutting  through  the  facade  from  top  to  bottom  as  would  otherwise  be  the  case. 
The  column  loads  are  carried  into  a  reinforced  concrete  foundation,  which  distributes 
the  weight  into  a  lime  concrete  base  below. 

Large  reinforced  lintels  rest  upon  the  columns  and  carry  a  heavy  M'all  and  floor 
load,  the  maximum  of  which  is  five  tons  per  lineal  foot.  These  lintels  are  reinforced 
against  shearing  stresses  by  means  of  bent  bars,  and  top  bars  are  used  to  provide  for 
negative  bending  moments.  Concrete  in  the  proportion  of  one  part  of  cement  to 
six  parts  aggregate  was  used  throughout. 

The  foundation  stone  for  this  building  was  laid  in  February  1916  and  the  building 
was  opened  by  Lord  Ronaldshay  in  February  of  this  year.  The  architect  to  whose 
designs  and  under  whose  supervision  the  work  was  carried  out  was  Mr.  T.  S.  Gregson, 
A.R.I.B.A.,  of  Messrs.  Gregson,  Batley  and  King,  Bombay. 
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MEETING. 


The  folloiuing  is  a  short  abstr.ict  from  the  Annual  Report  of  the 
Concrete  Institute  presented  at  its  ninth  Annual  General  Meeting,  luhich 
ivas  held  on  Mav  9th,  1918.— ED. 


A    SUMMARY    OF    THE    REPORT    OF  THE   COUNCIL. 

The  first  part  of  the  report  deals  with  the  Institute's  membership,  which  at  the  end 
of  April,  IQ18,  numbered  981.  The  finances  of  the  Institute  are  then  briefly  referred 
to,  and  a  list  of  the  meetings  held  during  the  session  is  given. 

Award  of  the  Institute  Bronze  Medal. — As  the  result  of  a  ballot  among  members 
of  Council,  the  bronze  medal  for  the  best  paper  read  in  1916-17  Session  was  awarded 
to  Mr.  Robert  N.  Sinclair,  for  his  Paper  entitled  "  Southampton  Docks  ;  Re-m.odelUng 
of  an  old  Drj'-Dock." 

Scientific  Research. — The  Research  on  Concrete  Aggregates  which  is  being  carried 
out  under  the  direction  of  the  Institute  has  made  decided  advance  in  1917  in  spite 
of  the  great  difficulty  in  obtaining  qualified  research  assistants,  and  seven  provincial 
laboratories,  \-i.v..,  Birmingham  University,  Bradford  Technical  College,  University 
College,  Cork,  Universit\^  College,  Dublin,  Edinburgh  University,  Manchester  Muni- 
cipal School  of  Technology  and  Salford  Royal  Technical  Institute,  have  commenced 
work  by  collecting  aggregates  on  which  to  carry  out  experiments.  Four  of  them, 
Birmingham,  Cork,  Dubhn  and  Salford,  have  made  concrete  specimens  with  these 
aggregates,  and  some  of  these  have  been  tested.  The  Institute  has  to  thank  several 
firms  who  have  supplied  cement  for  this  research,  and  also  Messrs.  Butler  and  Stanger, 
who  have  kindly  carried  out  tests  upon  it. 

The  Institute,  tlirough  its  Science  Committee,  has  at  every  meeting  carefully 
considered  points  arising  under  the  scheme,  and  on  January  4th  of  this  year  a  Joint 
Meeting  of  the  Science  Committee  and  those  engaged  and  interested  in  the  Research 
was  held  at  the  Institute,  many  useful  matters  being  carefully  threshed  out.  It  was 
decided  that  a  useful  development  of  the  movement  might  take  the  form  of  a  list  of 
aggregates  tluoughout  the  United  Kingdom,  with  their  distribution,  nature,  properties,, 
quantities  available  and  prices  quotable,  together  with  further  supplementary  infor- 
mation Arrangements  have  been  made  to  obtain  these  particulars  from  various 
authorities. 

L.C.C.  (General  Powers)  Act,  1909,  and  Steel  Frame  Buildings,  -The  Conference 
which  was  convened  by  the  District  Surveyors'  Association  to  consider  the  interpre- 
tation of  the  London  County  Council  (General  Powers)  Act  of  1909  with  reference  to 
Steel-frame  buildings,  and  on  which  the  Institute  is  represented,  held  regular  meetings. 
during  191 7,  and  its  Report  will  be  published  shortly. 

High-Tension  Steels  in  Reinforced  Concrete  Work.  A  sub-committee  was  ap- 
pointed durmg  19 1 7  by  the  Science  Committee  to  consider  the  question  of  the  use  of 
high-tension  steels  in  reinforced  concrete  work,  the  reference  being  "  to  formulate  a 
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scheme  for  testing  bigh-tension  steels  for  submission  to  the  British  Standards  Com- 
mittee." The  following  were  appointed  to  serve  on  this  sub-committee — Mr.  J.  F. 
Butler,  Mr.  R.  H.  H.  Stanger,  Mr.  B.  Taylor,  Mr.  R.  W.  Vawdrey,  and  Mr.  T.  A.  Watson. 
Mr.  H.  Kempton  Dyson,  in  his  capacity  of  Honorary'  Secretary />yo  tetn.  to  the  Insti- 
tute, was  also  asked  to  serve  on  this  sub-committee,  and  at  its  first  meeting,  held  on 
December  13th,  19 17,  he  was  elected  Chairman  and  Honorary  Secretary  by  unanimous 
vote.  Invitations  to  act  on  the  Committee  were  subsequently  extended  to  represen- 
tatives of  certain  firms  interested  in  the  question,  resulting  in  the  further  appointment 
of  Mr.  H.  R.  White  as  representative  of  the  United  States  Steel  Products  Company. 

Committees  Appointed. — The  Committees  appointed  by  the  Council  for  the 
Session  were  as  follows  : 

THE    FINANCE    AND    GENERAL    PURPOSES    COMMITTEE. 
Chairman,  Mr.  Charles  F.  Marsh  ;    Vice-Chairman,  Mr.  H.  J.  Tingle  ;    Ordinary  Members — Prof. 
Henry  Adams,  Messrs.  E.  Fiandcr  Etchells,  J.  E.  Franck,  H.  D.  Searles-Wood,  Sir  Henry  Tanner, 
Messrs.  E.  P.  Wells,  G.  C.  Worlanan,  M.  E.  Yeatman  :    ex-officio — The  President,  and  Chairmen  of 
Standing  Committees. 

THE  SCIENCE  STANDING  COMMITTEE. 
Chairman,  Dr.  J.  S.  Owens  ;  Vice-Chairman,  Mr.  H.  K.  G.  Bamber  ;  Hon.  Secretary,  Mr.  Ewart  S. 
.\ndre.\vs  ;  Hon.  Secretary,  Research  Committee,  Dr.  Oscar  Faber  ;  Ordinary  Members — Prof.  Henry 
.\dams,  Prof.  T.  Hudson  Beare,  Mr.  D.  B.  Butler,  Colonel  J.  D.  Cormack,  Messrs.  E.  Fiander 
Etchells,  J.  E.  Franck,  H.  C.  Johnson,  Charles  F.  IMarsh,  W.  G.  Perkins,  A.  R.  Sage,  H.  D.  Searles- 
VVond,  R.  H.  Harry  Stanger,  R.  W.  Vawdrey,  E.  P.  Wells,  F.  E.  Wentworth-Sheilds,  M.  E.  Yeatman. 

THE  REINFORCED  CONCRETE  PRACTICE  STANDING  COMMITTEE. 
Chairman,  Mr.  G.  C.  Workman  ;  Vice-Chadrman  and  Hon.  Secretary,  Mr.  R.  W.  Vawdre3' ;  Ordinary 
Members — Prof.  Henry  .A.dams,  Messrs.  Ewart  S.  Andrews,  H.  K.  G.  Bamber,  P.  J.  Black,  Mr.  D.  E. 
Butler,  Dr.  Oscar  Faber,  Major  J.  Petrie,  Mr.  F.  Purton,  Major  Lewis  H.  Rugg,  Messrs.  A.  R.  Sage 
A.  Alban  H.  Scott,  Arcliibald  Scott,  H.  D.  Searles-Wood,  T.  B.  Shore,  B.  Taylor,  J.  M.  Theobald 
T.  A.  Watson,  E.  P.  Wells,  M.  E.  Yeatman  ;  ex-officio,  Mr.  F.  E.  Wentworth-Sheilds. 

THE    PARLIAMENTARY    STANDING    COMMITTEE. 

Chairman,  Mr.  J.  E.  Franck  ;  Vice-Chairman,  Mr.  Osbom  C.  Hills  ;  Hon.  Secretary,  Mr.  Percy  J. 
Black  ;  Ordinary  .Members — Prof.  Henry  Adams,  Messrs.  W.  E.  A.  Brown,  E.  Fiandcr  Eichelis,  W.  G. 
Perkins,  Edwin  O.  Sachs,  L.  Serraillier,  E.  P.  Wells  ;   ex-officio,  Mr.  F.  E.  Wentworth-Sheilds. 

New  Members  of  Council — The  members  of  Council  chosen  to  retire  imder  the  rules  of  the  Insti- 
tute were  as  follows  :— .Mr.  Osborn  C.  Hills,  Major  H.  Rogers,  and  :Major  Lewis  H.  Rugg,  wlio  were  n<n 
eligible  for  re-election. 

THE    WORK    OF    THE    SUB-COMMITTEES. 

Science  Standing  Committee. — The  work  of  this  Committee  during  the  past  year 
has  chieflv  been  concerned  with  the  details  of  the  research  scheme  above  referred  to. 
In  addition  the  Committee  has  considered  the  suggested  amendment  of  the  London 
Building  Acts  and  Building  Bylaws  generally,  and  it  is  hoped  that  something  will 
be  done  in  the  matter  in  conjunction  with  other  Societies.  The  Committee  has  also 
advised  the  Engineering  Standards  Committee  at  the  request  of  the  latter  in  respect 
to  the  use  of  special  steels  for  reinforced  concrete. 

Reiniorced  Concrete  Practice  Standing  Committee.— This  Committee  has  com- 
pleted the  report  entitled  "  Recommendations  to  Inspectors,  Clerks  of  Works  and 
Foremen  concerning  the  execution  of  reinforced  concrete  work."  It  has  now  taken 
in  hand  the  consideration  of  the  very  important  matter  of  the  use  of  reinforced  concrete 
as  a  substitute  in  articles  hitherto  made  of  timber.  In  this  connection  a  fairly  com- 
prehensive list  of  such  articles  has  been  drawn  up  and  is  being  submitted  to  a  large 
list  of  firms,  who  are  being  invited  to  state  which  of  these  articles  they  are  prepared 
both  to  design  and  make.  Eventually  the  information  obtained  \\ill  be  embodied  in 
tabulated  form,  and  will  be  placed  at  the  disposal  of  the  Board  of  Trade. 
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THE     ANNUAL    GENERAL    MEETING. 

The  ninth  annual  general  meeting  of  the  Concrete  Institute  was  held  at  Denison 
House,  Vauxhall  Bridge  Road,  on  Thursday,  May  gth,  Mr.  F.  E.  Wentworth-Sheilds 
M.Inst.C.E.,  presiding. 

DISCUSSION. 

The  President  thought  the  members  of  the  Institute  would  agree  that  this  was 
a  satisfactory  Report.  Their  membership  had  only  fallen  off  very  slightly,  which 
he  thought,  considering  the  war  circumstances,  might  be  regarded  as  a  very  satisfactory 
feature.  A  number  of  new  members  had  joined,  otherwise  the  loss  of  membership 
would  have  been  greater.  The  finances  too  were  very  satisfactory.  They  had  had 
seven  very  interesting  papers,  all  of  which  had  excited  a  great  deal  of  interest  and, 
considering  war  circumstances,  been  very  well  attended  and  discussed.  The  Report 
gave  some  particulars  of  the  Research  Work  which  the  Institute  was  carrying  on 
This  Research  was  primarily  to  investigate  the  properties  of  various  concrete 
aggregates  which  were  to  be  obtained  in  the  United  Kingdom  and  to  get 
information  about  those  aggregates  which  would  be  of  the  very  greatest  possible 
use  to  engineers,  architects,  builders,  and  everybody  connected  with  the  building 
trades  and  professions.  They  were  also  organising  a  questionnaire  which  would 
bring  together  a  great  deal  of  useful  information  about  these  various  aggregates 
which  were  to  be  obtained  in  this  country,  so  that  it  would  be  possible  when  this 
information  was  obtained  for  anyone  to  find  out  easily  what  aggregates  were  to  be 
obtained  in  any  particular  neighbourhood.  They  were  getting  out  a  list,  which  he 
thought  would  be  extremely  useful,  of  articles  in  which  concrete  and  reinforced 
concrete  could  be  advantageously  substituted  for  timber,  so  as  to  meet  the  difficulty  of 
timber  shortage. 

Election  of  Council. — The  Secretary  (Mr.  Percy  L.  Marks)  reported  that  the 
scrutineers  had  found  that  the  following  gentlemen  had  been  elected  to  fill  the  vacancies 
on  the  Council : — Messrs.  H.  K.  Dyson,  R.  W.  Vawdrey,  H.  J.  Tingle,  F.  Purton 
and  A.  Alban  H.  Scott. 

The  Award  of  Bronze. — The  President  announced  that  the  medal  for  the  best 
paper  read  last  year  had  been  awarded  to  Mr.  Robert  M.  Sinclair  for  his  paper  on 
"  The  Southampton  Docks  :  Remodelling  of  a  Dry  Dock."  Mr.  Sinclair  was  unable 
to  be  present  that  evening  as  he  was  engaged  on  urgent  war  work.  He  had  written, 
however,  to  say  that  he  very  much  appreciated  the  award. 

ELECTION    OF    PRESIDENT. 

The  President  announced  that  the  last  item  was  to  him  a  very  pleasant  one, 
namely,  to  instal  their  new  President-Elect,  Mr.  H.  D.  Searles-Wood,  F.R.I.B.A.  It 
had  been  a  great  satisfaction  to  them  all  that  Mr.  Searles-Wood  had  been  elected, 
and  though  they  all  knew  his  name  and  his  long  connection  with  the  Concrete 
Institute,  there  were  few  of  them,  except  those  who  had  worked  with  him  on  the  Council, 
who  knew  how  much  time  and  trouble  he  had  devoted  to  its  interests.  He  was  a  man 
who  worked  hard  for  the  Concrete  Institute  and  no  doubt  he  would  carry  on  the  good 
work  which  it  had  done  and  would  preserve  its  best  traditions. 

The  President  then  vacated  the  Chair  and  it  was  taken  by  the  new  President. 

Mr.  Lucien  Serraillier  proposed  a  vote  of  thanks  to  the  retiring  President  for 
his  conduct  of  the  affairs  of  the  Institute  for  the  past  year,  which  was  carried  by 
acclamation. 

After  a  short  acknowledgment  by  Mr.  Wentworth-Sheilds,  the  meeting  terminate'.!. 


Following  upon  the  Annual  Me  ting,  a  very  interesting  Paper  was  read  by  Mr. 
A.  Alban  H.  Scott  on  "  Reinforced  Concrete  Ships."  To  this  Paper  we  shall  make 
reference  in  our  next  issue. 
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A    PRECAST    UNIT 

SYSTEM    REINFORCED 

CONCRETE 

CONSTRUCTION. 


We  present  hereivith  a  few  notes  and  details  of  a  system  of  pre-cast  unit  reinforced 
concrete  as  designed  by  Mr.  L.  W.  Hargreaves.  In  presenting  these  notes  %ve  -would 
mention  that  at  the  moment  pre-cast  concrete  is  becoming  increasingly  popular  for 
certain  types  of  buildings  and  it  has  certain  adiiantages  more  particularly  at  the  present 
time,  namely,  (1)  A  saving  of  timber  is  effected,  as  only  fe'w  forms  are  required  ;  (2)  the 
•work  can  be  cast  under  cover,  regardless  of  the  ■weather  ;  and  (3)  the  erection  is  very  rapid 
once  the  sections  are  moulded,  and  the  casting  of  the  concrete  can  be  proceeded  "with  "while 
the  excavation  and  general  site  "work  is  being  done.— ED. 


Many  types  of  reinforced  concrete  construction  adaptable  for  the  erection  of 
light  buildings,  especially  domestic  work,  have  from  time  to  time  been  used  ; 
some  have  been  fairly  successful,  while  others  have  failed  completely,  chiefly  on 
account  of  excessive  cost  combined  with  the  slowness  in  erection.  The  following 
drawings  show  Mr.  Hargreaves's  system,  which  he  claims  has  been  worked  out  on 
thoroughly  practical  hues.  The  following  are  the  advantages  claimed  for  the 
system  presented  herewith  : — 

The  construction  is  light,  fire-resisting,  and,  above  all,  absolutely  a  monolith 
after  erection. > 

The  wall  itself  is  hollow,  measuring  6  in.  from  outside  to  in,  the  thickness  of 
concrete  being  i  in.  The  wall  is  pre-cast  in  sections  of  uniform  dimensions,  and 
is  reinforced  with  expanded  metal,  which  projects  beyond  each  side. 

Two  of  these  sections  together  form  the  wall.  These  are  placed  at  regular 
intervals  on  the  prepared  concrete  foundation,  and  thus  a  series  of  wall  sections 
with  6  in.  spaces  between  is  obtained.  These  spaces  are  poured  with  concrete, 
in  which  is  embedded  a  light  reinforcement.  The  only  form-work  required  on 
the  work  is  two  boards  extending  from  top  of  foundation  to  bottom  of  first  floor. 

These  forms  are  secured  by  bolts  (in  paper  tubes)  which  are  withdrawn  after 
column  is  sufficiently  set.  On  completion  of  one  story  these  forms  are  ready  for 
the  next  story. 

The  expanded  metal,  which  extends  beyond  sides  of  wall  section,  runs  into 
column,  thus  binding  the  whole  structure  together. 

The  concrete  floor-beams  are  also  pre-cast,  and  light  floor  slabs  are  laid 
directly  on  them  ;  the  whole  bonded  together  as  for  columns  and  wall  section-^, 
and  thus  all  loads  are  carried  on  wall  columns. 

This  practically  describes  the  system  of  construction  here  under  review, 
which  is  stated  to  be  a  quick,  strong,  and  economical  method. 

The  moulds  required  in  the  casting  shop  are  few  in  number  and  the  sections 
are  light  and  easilj^  handled. 

It  may  be  added  that  the  size  of  building  is  unlimited,  additional  sections 
simply  being  added.     All  loads  are  carried  on  direct  bearing  to  foundation. 
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The  methods  of  floor  finish  wall  coverings  are  numerous,  one  adopted  by 
the  author  being  a  good  grade  of  cork-lino,  glued  directly  to  concrete  floor,  on 


which  loose  rugs  may  be  placed.  Interior  plastered,  with  exterior  stucco  or  other 
approved  finish  ;  the  finished  structure  being  artistic,  fire-resisting,  economical  in 
cost,  warm  in  winter,  cool  in  summer,  and  structurally  correct. 
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RECENT  VIEWS  ON 
CONCRETE  &  REIN- 
FORCED    CONCRETE. 


Recent  Papers  and  Discussions. 


It  is  our  intention  to  publish  the  Papers  and  Discussions  presented  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
in  such  a  manner  as  to  be  easih  available  for  reference  purposes. — ED. 


REINFORCED  CONCRETE  SHIPS. 

By  T.  J.  GUERITTE,  Ing.E.C.P..  M.Soc.lng.Civ.  (France),   Councillor  of  the  French  Board  of  Trade. 

The  following  is  an  abstract  of  a  Paper  read  recently  at  a  meeting  of  the  North 

East  Coast  Institution  of  Engineers  and  Shiphnilders. 
To  judge  by  the  surprise  evinced  in  the  daily  papers  when  the  first  reports  were 
publishtxi  a  few  months  ago  of  the  great  impetus  given  by  the  war  to  reinforced  con- 
crete shipbuilding  activities,  one  might  have  imagined  that  there  was  something  start- 
lingly  new  in  the  idea,  and  much  nonsense  was  printed  at  the  time,  under  big  headlines. 
And  still  the  last  few  years  have  merely  seen  the  development  of  activities  dating 
from  many  years  back.  It  is,  in  fact,  a  curious  coincidence  that  it  was  the 
Author's  privilege  to  deliver  a  paper  entitled  "  Reinforced  Concrete  as  .Applied  to  Float- 
ing Structures,"  in  the  year  1908,  before  one  of  the  Newcastle  building  trades 
associations,  the  matter  of  which  formed  the  basis  of  many  of  the  articles  which 
were  published  on  the  subject  during  the  last  few  months.  The  conclusions  of 
that  paper  ran  as  follows  : — "  The  particulars  and  illustrations  given  seem  sufficient 
to  indicate  that  reinforced  concrete  has  to  be  taken  into  account  as  a  ship  building 
material,  owing  to  its  small  initial  cost  and  the  absence  of  upkeep.  1  The  author 
is  far  from  thinking  that  super-dreadnoughts  are  likely  to  be  built  in  reinforced  concrete, 
at  any  rate  for  the  present,  but  in  smaller  and  commercial  craft  and  for  special 
purposes,  he  is  convinced  that  it  will  be  used  more  and  more.  The  question  of 
weight  is  not  so  paramount  as  it  may  seem  at  first  when  to  the  weight  of  the 
hull  is  added  that  of  all  fittings  and  cargo,  which  remain  the  same  both  for  reinforced 
concrete  and  for  steel  ships."  The  recent  strides  made  in  this  mode  of  construction 
seem    to    justify    those    prognostics. 

I. — MATERIAL    OF   CONSTRUCTION. 

This  is  evidently  a  fundamental  question  .and  we  shall  consider  in  turn  the  two  components 
of  a  reinforced  concrete  hull,  viz.,  concrete  and  steek 

(a)  The  concrete  employed  must  be  non-porous,  so  as  to  prevent  leaking  and  the  steel 
being  attacked  by  sea  water,  it  must  also  be  strong  so  as  to  resist  heavy  compressive  stresses 
to  which,  in  parts,  it  is  submitted,  and  it  should  be  as  light  as  possible.  The  last  named 
condition  is  unfortunately  difficult  to  fulfil  at  the  same  time  as  the  other  two.  and  the  latter 
are  of  greater  importance.  Light  aggregates  such  as  pumice  stone,  ashes,  coke  breeze,  which 
are  used  in  land  work  for  making  light  concrete,  are  loo  porous ;  they  would  absorb  a  large 
weight  of  water  and  would  give  too  weak  a  concrete  ;  they  cannot  be  utilised  for  ships.  Clean 
shingle,  of  a  flinty  nature,  is  a  suitable  material,  and  would  give  a  concrete  slightly  lighter 
in  weight  than  crushed  granite  or  whinstone.  Gravel  originating  from  sandstone  must  be 
subject  to  careful  scrutiny  before  being  allowed  for  ship  construction  as  it  is  sometimes  of  a 
somewhat  porous  and  friable  nature,  and  might  prove  a  source  of  weakness  both  as  regards 
porosity  and  crushing  strength.  Crushed  granite  and,  generally  speaking,  crushed  stone  of  a 
hard  and  impervious  nature,  are  perhaps  to  be  given  the  preference,  notwithstanding  their 
somewhat  heavier   weight.     The  same  physical   qualities  are  essential    for   the  sand.      Of  the 
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cemeiU  itself,  little  need  be  said,  years  of  experience  have  proved  that  if  it  is  up  to   British 
Standard  Specification  it  will  prove  suitable   for  sea  work. 

With  such  constituents  and  it  being  understood  that  fresh  water  only  should  be  used  both 
for  making  the  concrete  and  washing  the  aggregate  if  necessary,  a  suitable  concrete  will  be 
made  if  proper  proportions  are  adopted  and  the  materials  are  properly  mixed.  In  determining 
proportions  great  care  should  be  taken  that  the  aggregate  be  properly  graded,  that  is,  it 
should  contain  stones  of  various  sizes,  the  smaller  ones  helping  to  fill  the  voids  between  the 
larger,  and  the  same  applies  to  the  sand,  which  should  be  a  mixture  of  sharp  particles  and  of 
liner  sand  going  down  almost  to  dust.  The  proportions  of  voids  both  in  the  aggregate  and  in 
:he  sand  should  be  carefully  determined  and  there  should  be  a  good  excess  of  cement  paste 
over  the  quantity  strictly  required  to  fill  the  voids  in  the  sand,  and  similarly  a  good  excess 
of  mortar  {i.e.,  sand  and  cement  paste)  over  that  required  to  fill  the  voids  in  the  aggregate. 
As  previously  mentioaaed  crushed  stone  will  be  used  often  as  an  aggregate,  and  it  so  happens, 
that  it  contains  as  a  rule  a  considerably  greater  proportion  of  voids  than  shingle,  and  this 
may  result  in  porousness  in  the  concrete  unless  proper  attention  is  paid. 

From  practical  considerations  the  Author  does  not  deem  it  advisable  to  allow  for 
a  lesser  thickness  of  concrete  than  3  in.  for  the  sides  and  bottom  of  a  vessel,  except 
m  special  circumstances  and  however  much  one  might  like  to  see  it  reduced  so 
as  to  lighten  the  structure.  The  figure  of  2"8  in.  is  mentioned  as  a  minimum  in 
the  preliminary  rules  for  reinforced  concrete  ships  issued  by  the  Danish  Govern- 
ment, but  except  for  very  small  craft  3  in.  will  prove  in  practice  to  be  the 
minimum.  The  scantlings  of  frames,  stringers,  etc.,  are  also  reduced  as  much  as 
possible  owing  to  the  same  desire  to  reduce  the  weight,  and  the  thickness  may  be  taken  at 
22  in.  and  even  less  in  siome  cases,  but  great  care  will  have  to  be  exercised  to  insure  proper 
covering  of  the  biars  by  the  concrete  and  proper  bond  between  them.  It  is  therefore  necessary 
to  use  an  aggregate  of  small  size,  which  will  be  worked  easily  in  so  restricted  a  space  and 
among  a  comparatively  great  number  of  steel  rods.  Some  engineers  went  as  far  as  to  suggest 
the  total  abandonment  of  aggregate,  and  the  replacement  of  concrete  by  a  mere  sand  and 
cement  mortar.  But  the  method  has  been  proved  to  be  unsatisfactory  in  ordinary  reinforced 
concrete  work  and  the  same  would  apply  to  ship  construction.  A  happy  medium  is  to  be 
recommended,  and  the  Author's  firm  have  ultimately  adopted  the  following  mixture  for  their 
designs  :  — 

Aggregate,  being  a  well  graded  mixture  of  stones  from  |  in.  size  down  to  %  in.  and  free 
from  sand,  27  cu.  ft. 

Sand,  from  g  in.  downward,  the  grains  being  also  of  well  graded  sizes,  13^  cu.  ft. 

Cement,  85  cwt. 

Such  a  concrete  may  be  termed  a  i'6  12:4  concrete. 

The  above  proportions  apply  as  long  as  the  percentage  of  voids  in  the  aggregate  does  not 
exceed  50  per  cent.  If  it  exceeds  50  per  cent,  a  corresponding  quantity  of  sand  and  cement 
is  added. 

It  has  been  suggested  by  various  engineers  that  a  much  poorer  concrete  might  be  used 
with  safety,  say  a  i  :  2  :  4  or  i'2  :  2  :  4  concrete,  if  a  good  rich  rendering  were  applied  later 
on  the  external  surface  of  the  sides  and  bottom.  But  such  a  rendering  would  be  extremely 
difficult  to  make  properly,  especially  when  nearing  the  bow  and  stern,  and  with  the  hard  wear 
and  tear  to  which  ships  are  submitted  it  would  soon  come  away  in  patches. 

In  order  to  obviate  the  difficulty  of  making  a  proper  rendering  other  engineers  have 
suggested  to  use  a  comparatively  poor  concrete,  say  i  :  2  :  4  or  i'2  :  2  :  4  for  the  inner  2  or  3  in. 
of  the  walls  and  bottom  and  to  place  carefully  at  the  same  time  in  the  mould  a  rich  mortar  (1 
of  cement  and  i  of  sand)  to  form  the  external  inch.  The  Author's  experience  leads  him  to 
deprecate  the  juxtaposition  of  two  concretes  of  so  different  a  richness  in  cement,  and  unless 
supervision  of  the  most  constant  and  strict  nature  is  exercised  during  erection  he  doubts  the 
efficacy  of  the  method.  All  told,  it  seems  decidedly  better  to  adopt  a  uniformly  rich  mixture, 
such  as  menioned  above,  which  will  give  a  very  good  face  to  the  concrete  when  the  moulds 
are  struck  off,  prove  quite  impervious,  afford  a  high  crushing  strength,  and  be  easily  worked 
into  the  moulds. 

{b)  Steel. — We  turn  now  to  the  other  component  element  of  the  structure,  viz.,  the  steel. 
The  general  tendency  in  reinforced  concrete  practice  has  been  to  utilise  as  reinforcing 
material  mild  steel  in  the  form  of  ordinary  round  bars,  with  an  ultimate  tensile  strength  of 
from  28  to  32  tons  per  sq.  in.,  an  elastic  limit  varying  from  30.000  to  40,000  lb.  per  sq.  in.,  and 
an  elongation  of  at  least  20  per  cent,  on  a  length  of  eight  times  the  diameter.  Such  steel  was 
used  in  the  construction  of  most  of  the  numerous  river  and  canal  barges  and  pontoons  built  in 
reinforced  concrete  during  the  last  15  years,  and  it  was  natural  to  look  to  the  same  material 
again,    when    great    impetus    was   given    lately    to    the   construction    of    sea   craft    in    reinforced 
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concrete  by  the  difficulty  of  procuring  all  the  steel  plates  required  for  commercial  craft. 
Mild  steel  was  therefore  ■used  and  will  be  used  in  many  ships  notwithstanding  the  difficulty 
one  meets  in  obtaining  it  at  present.  Shell  discard  steel  has  been  put  forward  as  a  substitute, 
mostly  with  the  object  of  avoiding  the  use  of  mild  steel,  seeing  that  it  is  more  easily  obtain- 
able than  th«  latter  at  present,  but  not  owing  to  its  special  physical  properties.  For  the 
present,  apparently,  Lloyd's  Register  are  not  prepared  to  sanction  its  use. 

It  is  a  question,  however,  whether  the  disadvantages  attaching  to  the  use  of  shell  discard 
steel,  if  one  looks  at  the  question  from  the  usual  standpoint  of  steel  ship  construction,  would 
not  be  more  than  compensated  by  certain  advantages  it  would  present  from  a  reinforced 
concrete  point  of  view.  These  advantages  are  somewhat  similar  to  those  attaching  to  the  use  of 
a  special  quality  of  steel,  which  the  Author's  firm,  after  careful  consideration  of  the  matter 
during  the  last  two  years,  are  now  specifying  for  reinforced  concrete  ship  construction.  It  may 
be  stated  at  the  outset  that  the  problems  of  reinforced  concrete  construction  as  applied  to 
naval  artchitecture  are  very  different  from  its  problems  as  applied  to  land  work.  Firstly, 
and  for  obvious  reasons,  it  is  desirable  to  reduce  the  weight  of  the  hull,  and  consequently 
of  all  the  scantlings,  as  much  .as  ever  possible,  consistent  with  good  work.  It  becomes,  there- 
fore, of  great  interest  to  use  for  the  reinforcement  steel  possessing  a  higher  elastic  limit 
thaji  mild  steel,  tlie  elastic  limit  being  an  all  important  factor  in  reinforced  concrete  work. 
Not  only  does  this  obviously  tend  to  reduce  the  weight  of  steel  required  and  consequently  the 
weight  of  the  hull,  but  also  the  same  cover  of  concrete  over  the  reinforcing  rods  can  be  main- 
tained while  reducing  the  thickness  of  the  members  by  the  same  amount  as  the  diameters  of 
the  high  elastic  limit  steel  rods  are  smaller  than  those  of  the  mild  steel  bars  which  would 
otherwise  be  used,  thus  securing  an  indirect  but  very  important  saving  in  the  weight  of  the 
hull. 

A  second  point  which  deserves  very  oareful  consideration  is  that  of  the  transmission  of 
the  stresses  in  the  steel  from  bar  to  bar.  As  is  well  known,  in  reinforced  concrete  construction 
the  bars  are  not  tied  together,  nor  welded,  nor  connected  by  coupling  boxes  (except  in  very 
special  circumstiances).  Stresses  are  transmitted  from  bar  to  bar  through  the  agency  of  the 
adhesion  grip  of  the  concrete  surrounding  them,  the  bars  overlapping  each  other.  Their  ends 
are  usually  fishtailed  or  hooked,  with  a  view  to  helping  further  the  adhesion.  In  ordinary 
reinforced  concrete  work  the  mass  of  concrete  surrounding  the  rods  is  comparatively  large, 
and  there  is  ample  room  for  overlapping  of  the  rods  and  for  the  hooks  or  fishtails,  so  that 
most  of  the  experts  in  reinforced  concrete  consider  it  quite  unnecessary  to  use  bars  with 
mechanical  bond.  In  ship  construction,  as  has  been  previously  stated,  scantlings  are  reduced 
do  a  minimum,  and  the  bars  being  very  much  closer  together  real  difficulty  is  experienced  in 
finding  room  for  overlaps  of  the  length  required  if  ordinary  round  rods  are  used,  and  also 
foT  hooks,  especially  in  longitudinal  members.  The  problem  is  serious,  and  experiments 
carried  out  in  France  last  year  upon  a  river  barge  of  400  tons  deadweight,  which  was 
p»urposely  tested  until  rupture  under  load  in  the  dry  proved  the  ultimate  failure  to  be  due  to 
the  slipping  of  the  longitudinal  rods,  consequent  upon  the  insufficiency  of  overlapping.  It  must 
be  added  that  the  overlaps  were  in  fact  considerably  shorter  than  sound  design  would  have 
required.  But  the  indication  given  must  not  be  neglected.  It  therefore  becomes  useful  for 
reinforced  concrete  ship  construction  to  adopt  bars  which  present  a  greater  adhesive  power  tnan 
ordinary  round  bars.  Tests  have  proved  that  certain  bars  are  obtainable  which  have  a  grip 
60  per  cent,  greater  than  that  of  ordinary  rounds  ;  their  use  will  obviously  reduce  the  amount 
of  overlapping  otherwise  required.  But  such  greater  adhesion  should  not  be  obtained  by  the 
addition  of  sharp  projections  or  ribs  on  the  bars  which  might  have  -a  tendency  to  be  the 
starting  point  of  minute  cracks  in  the  concrete,  and  which,  in  addition,  are  useless  from  the 
point  of  view  of  the  main  stresses.  In  other  words,  the  bond  should  be  continuous,  and  should 
not  entail  an  additional  weight  of  steel.  To  sum  up  the  question  of  the  steel,  the  Author  has 
found  the  nearest  approach  to  what  he  considers  the  ideal  steel  reinforcement  for  shipbuilding 
work  in  bars  manufactured  from  mild  steel  in  accordance  with  Britih  Standard  Specification 
for  structural  steel,  but  which,  owing  to  their  special  shape  and  the  physi<-Al  treatment  they 
receive  after  rolling,  acquire  an  elastic  limit  of  over  50,000  lb.  per  sq.  in.,  present  a  satis- 
factory and  continuous  bond  without  sharp  indentations  or  projections,  and  remain  capable  of 
cold  bending  round  a  bar  of  i^  times  their  diameter  without  injury. 

Shell  discard  steel,  if  of  a  somewhat  unequal  quality,  possesses  at  least  one  of  the 
desiderata,  viz.,  high  elastic  limit.  Dangerous  as  may  be  its  use  in  the  shape  of  girders  or, 
more  generally,  structural  steelwork,  where  stresses  may  be  said  to  be  extremely  localised, 
it  is  felt  that  its  use  in  the  shape  of  numerous  rods  of  small  diameter  scattered  throughout 
the  mass  of  a  reinforced  concrete  structure  does  not  present  the  same  danger.  It  seems, 
therefore,  that  the  question  of  its  employment  might  be  left  open  for   further  consideration, 
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and   llie  experience   gained   from  the  behaviour  of  the  numerous  reinforced  concrete  works  ia 
which  it  was  used  since  igi5  will  be  of  great  belp  in  that  direction. 

2.  —  SVSTKMS    OK    CONSTRUCTION. 

Having  examined  the  constituting  materials,  one  may  now  attempt  to  reply  to  the  query  : 
"What  are  the  various  systems  of  construction"?  They  seem  to  fall  under  two  headings — 
Plastered  ships  ;  moulded  ships. 

(a)  Plastered  Shifs. — The  first  cost  of  a  mould  in  which  to  cast  a  reinforced  concrete 
ship,  in  a  similar  way  las  is  generally  done  for  ordinary  reinforced  concrete  work,  is  high, 
and  it  was  natural  that  one  should  attempt  to  avoid  using  one.  Many  of  the  numerous  river 
barges  and  pontoons  built  in  Italy  since  igo2  consisted  mostly  of  a  steel  meshwork  set  to 
shape  and  plastered  on  both  sides  with  cement  mortar,  very  much  as  a  ceiling  of  a  room  is 
plastered  on  a  metallic  lathing,  and  the  method  proved  successful  for  small  craft  which  are 
never  strained  heavily.  Small  motor  boats  or  canoes  have  been  built  similarly  in  various 
countries,  including,  of  course,  the  small  pioneer  rowing  boat  built  in  France  in  1840  by 
Lambot.  When  one  comes,  however,  to  heavier  craft,  and  particularly  seagoing  craft,  mesh- 
work is  found  to  be  not  practical  for  the  arrangement  of  the  main  steel  reinforcement ;  and 
what  is  more  important,  plaster  work  of  that  kind  does  not  give  a  concrete  sufficiently  strong 
to  meet  the  stresses  imposed  upon  it.  The  claims  of  the  "  cement  gun  "  in  that  respect  do  not 
appear  as  \et  to  be  justified.  The  Author  is  convinced  that  for  all  vessels  of  large  size  the 
plastering  method  has  to  give  way  to  the  method  of  moulding  and  casting. 

(b)  Moulded  Shifs. — (i)  In  the  first  place,  there  should  be  a  warning  against  the  practice 
recommended  by  one  or  two  American  contractors  of  building  a  sort  of  rigid  metallic  work — 
lattice  girders  forming  the  skeleton  of  all  the  frames,  and  also  the  skeleton  of  the  sides,  and 
encasing  this  metallic  framework  in  concrete.  The  advantages  claimed  are  simplicity  and 
quickness  of  construction.  The  Author  considers  that  there  would  be  no  appreciable  saving  in 
time,  and  there  are  very  serious  defects  inherent  to  the  system.  All  reinforced  concrete 
experts  agree  that  the  ideal  design  in  reinforced  concrete  is  that  in  which  the  reinforcing 
rods  are  individually  as  small  as  possible  and  as  numerous  as  is  practicable,  so  that  the  stresses 
be  distributed  to  the  extreme  possible  limit  throughout  the  mass  of  reinforced  concrete. 
The  result  is  best  attained  by  the  use  of  small  rods  and  links.  If,  however,  the  steel 
is  concentrated  in  parts  of  the  mass  instead  of  being  distributed  throughout,  the 
work  thus  obtained  loses  those  peculiarities  just  referred  to;  the  concrete  will 
not  lend  its  properties  to  the  steel  and  borrow  some  from  the  latter  in  so 
complete  a  m.anner,  and  vice  versa.  In  pairticular,  the  large  cracks  so  characteristic  of 
ordinary  concrete  work,  and  unknown  in  reinforced  concrete,  would  tend  to  appear,  and  this 
would  be  a  very  serious  defect  in  ships.  The  work  would  alsio  lose  the  resilience  and  elasticity 
which  IS  so  striking  a  character  of  reinforced  concrete.  Another  point  is  that  a  rigid  frame- 
work of  that  kind,  instead  of  being  made  of  round  bars,  would  require  flat  bars  and  small 
angles;  in  fact,  structural  steelwork  of  the  very  kind  that  is  most  in  demand  to-day.  It  would 
also  require  the  employment  of  steelworkers  of  the  very  kind  one  wishes  at  the  present 
time  not  to  draw  upon,  seeing  that  all  the  steelwork  would  have  txD  be  punched,  bolted  and 
riveted.  Moreover,  experience  has  shown  that  such  a  method  of  reinforcement  is  more 
wasteful  in  steel  by  15  to  20  per  cent.  It  has  also  been  found  in  practice  that  in  reinforced 
concrete  work  it  is  most  advisable  to  avoid  any  sharp  angles  or  corners  in  the  steelwork,  all 
such  angles  being  potential  starting  points  of  cracks  ;  and  that  concrete  adheres  less  easily 
to  comparatively  large  and  flat  surfaces  such  as  presented  by  angle  bars  than  to  ordinary  round 
bars.  It  may  also  be  added  that  if,  in  order  to  avoid  riveting,  an  attempt  is  made  to  use  bolts, 
as  the  bolt  holes  will  be  of  greater  diameter  than  the  bolts  (so  as  to  facilitate  fitting  up)  there 
will  remain  throughout  the  framework  an  immense  number  of  small  recesses  to  which 
concrete  will  not  have  access;  the  steelwork  will  therefore  not  receive  in  those  points  the 
protection  against  corrosion  which  the  concrete  should  afflord  it,  and  such  points  will  be 
potential  starting  points  of  corrosion. 

(2)  The  Norwegian  method  of  casting  the  boats  upside  down,  launching  them  in  that 
position,  and  letting  the  hull  right  itself  in  the  water,  has  been  profusely  described  and 
illustrated  in  the  daily  papers  and  magazines.  The  reason  for  that  unusual  procedure  is 
stated  to  be  a  desire  to  avoid  the  use  of  double  shuttering.  But,  as  far  as  the  deck  and 
bottom  are  concerned,  there  is  no  more  need  for  a  double  shuttering  in  the  usual  method  than  in 
the  upside  down  one,  and  as  regards  the  sides  there  is  as  much  need  for  it  in  one  as  in  the 
other. 

(3)  In  the  construction  of  river  barges  in  France,  the  desire  to  reduce  the  cost  of 
shuttering  has  led  to  certain  constructors  experimenting  with  pre-cast  wall  plates  of  the 
required  dimensions  to  fill  the  rectangular  spaces  between   frames  and  stringers.     The   frames 
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and  stringers  are  cast  in  si/u,  and  the  wiall  plates  set  in  position  between  them  so  as  to  be 
incorporated  into  the  structure  during  their  concreting,  the  bond  being  given  by  the  ends  of  the 
reinforcing  bars  of  the  plates,  which  protrude  all  round.  Although  the  results  were  said  to 
be  satisfactory  (at  first,  in  any  case)  it  is  interesting  to  note  that  when  the  same  contractors 
built  larger  river  craft  (600  and  1,000  tons  deadweight)  they  abandoned  the  slab  principle  and 
reverted  to  casting  in  situ. 

(4)  Another  "  system  "  is  that  in  which  timber  moulds  are  dispensed  with  for  the  walls 
by  oising  two  sheets  of  metal  lathing  between  which  the  concrete  is  poured.  Some  of  it  works 
through  the  mesh  and  forms  knobs  upon  the  two  outer  surfaces,  which  knobs  in  turn  form 
anchorage  for  plastering  coats  added  later  on.  The  objection  against  the  use  of  plastering 
coats  required  to  finish  the  surface  has  been  stated  before.  Another  drawback  of  this 
method  is  that  concrete  poured  between  two  resilient  sheets  of  meshing  cannot  be  rammed 
or  punned  properly,  ajnd  in  consequence  it  is  impossible  to  obtain  a  good,  strong  and  im- 
pervious concrete.  The  advocates  of  this  method,  in  fact,  are  said  to  recommend  the  addition 
of  a  waterproof  coiating,  which  the  Author  has  no  doubt  would  indeed  prove  very  necessary 
with  such  a  metliod. 

(5)  Reverting  now  to  the  normal  and  usual  method  of  construction,  it  can  hardly  be 
divided  into  systems  ;  the  general  principles  underlying  all  the  designs  are  the  same,  and  it  is 
merely  the  experience  and  skill  of  designers  which  may  differentiate  the  various  types  adopted. 
In  that  respect  the  Author  is  fully  in  accord  with  the  remarks  made  by  Mr.  A.  T.  Wall  in  the 
Engineenng  Suf-plement  of  the  Times  regarding  the  absolute  necessity  for  close  co-operation 
in  the  design  of  ships  between  naval  architects  and  reinforced  concrete  experts. 

3. — -SPEED   OF   CONSTRICTION. 

One  of  these  claims  is  a  great  speed  of  construction. 

In  the  construction  of  a  large  number  of  250  horse-power  tugs  now  being  built  in  France 
ihe  author  was  able  to  satisfy  himself  that  twio  weeks  were  sufficient  to  erect  the  moulds  'for 
repeat  tugs  ;  the  erection  of  the  first  mould  took  somewhat  longer)  and  place  the  steel  in  posi- 
tion. The  process  of  concreting  was  occasionally  carried  out  in  forty-eight  hours.  All  told, 
it  is  safe  to  say  that  in  normal  working  the  yard  referred  to  completes  a  hull  in  three  weeks. 
The  tugs  take  water  broadside  on,  and  an  average  of  three  weeks  is  allowed  for  maturing. 
With  the  restricted  amount  of  labour  at  present  available  the  said  yard  can  turn  out  one  of 
these  tugs  every  week,  but  from  explanations  given  to  the  Author  by  the  yard's  manager  it  is 
certain  that  two  tugs  could  be  completed  every  week  in  normal  times.  In  another  place  the 
Author  has  seen  in  what  was  four  months  before  a  bare  field  two  1,000  ton  deadweight  barges 
ready  for  launching  and  several  others  following  closely.  Barges  of  that  kind,  or  again,  the 
hulls  of  small  cargo  steamers  of  1,000  tons  deadweight,  may  easily  be  turned  out  and  launched 
at  the  rate  of  one  every  ten  weeks  from  each  slip  in  a  well  organised  yard.  For  obvious 
reasons  it  is  impossible  at  the  present  time  to  give  precise  figures  as  to  the  actual  speed  of 
construction  of  bigger  reinforced  concrete  craft.  The  time  required  for  the  fitting  of 
machinery,  etc.,  would  be  practically  identical  for  such  ships  and  for  steel  ships.  It  will  be 
understood  that  from  three  to  five  weeks  has  to  be  added  to  allow  for  the  maturing  of  the 
concrete.  In  ordinary  land  work  one  considers  generally  that  a  test  load  may  be  imposed  upon 
a  new  floor  five  or  six  weeks  after  its  completion.  But  the  concrete  used  in  that  case  is  not  so 
rich  in  cement  as  for  ships,  and  the  richer  the  concrete  the  quicker  the  required  strength  is 
attained.  It  might  be  possible  to  utilise  that  period  for  partly  fitting  up  the  ship  instead  of 
waiting  until  she  is  afloat,  so  that  the  maturing  period  would  not  be  lost  altogether. 

4. — EASE   AND    SPEED    OF   REPAIRS. 

This  question  of  speed  in  construction  leads  us  to  another  important  consideration — viz.,  the 
ease  and  speed  with  which  reinforced  concrete  ships  may  be  repaired.  Reinforcd  concrete  has 
been  proved  to  withstand  damage  to  a  remarkable  extent.  One  need  only  refer  briefly  to  its  ex- 
cellent behaviour  during  the  earthquakes,  during  subsidence  of  foundations,  etc.  This  is  due  to 
the  monolithic  character  of  the  work  and  its  great  cohesion. 

Such  local  damage  as  may  occur  in  reinforced  concrete  ships  will  be  most  easily  repaired, 
the  hole  being  blocked  up  by  providing  a  small  timber  shuttering  and  filling  the  hole  with  new 
concrete,  after  having  added,  if  need  be,  a  few  strengthening  bars.  By  using  a  very  rich 
mixture  of  concrete,  the  patch  will  be  able  to  stand  the  water  pressure  in  a  couple  of  days  or 
even  less,  and  if  need  be,  one  may  not  remove  the  shuttering  before  putting  to  sea  again,  for 
further  safety.  Such  a  repair  may  even  be  carried  out  under  water.  Cementing  or  concreting 
repairs  to  quay  walls  or  jetties  under  water  are  by  no  means  processes  unknown  to  civil 
engineers. 

In  December  last  the  Author  had  the  good  fortune  (if  he  may  put  it  that  way)  to  inspect 
a  i,ooo-ton  barge  which  a  couple  of  days  previously  had  suffered  damage  during  a  faulty 
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launching;  it  had  been  repaired  as  explained  above,  and  was  then  afloat  and  in  excellent 
condition.  Several  instances  of  damage  to  river  or  canal  barges  in  use  abroad  have  been 
recorded,  pointing  all  to  the  same  conclusion,  and  all  investigators  seem  agreed  that  repairs 
to  reinforced  concrete  ships  will  be  quicker  and  much  cheaper  than  to  steel  vessels. 
Alterations  to  the  design  in  course  of  erection,  or  while  the  ship  is  in  service,  are  quite  easy. 
The  Author  has  witnessed  in  France  a  fairly  sweeping  alteration  in  the  position  and  arrange- 
ment of  hatchways  and  comipanions  in  a  vessel  nearing  completion,  which  confirms  this 
statement. 
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5.— I..ASTING    QLALITIES    OF    REINFORCED    CONCRETE    VESSELS. 

Views  on  that  aspect  of  the  question  are  difficult  to  express,  for  the  reason  that  experience 
has  not  yet  been  obtained  regarding  their  behavious  at  sea  over  long  periods.  Most  probably 
steel  shipbuilders  found  themselves  in  the  same  predicament  when  steel  was  first  put  forward 
as  a  substitute  for  timber.  Let  us  also  proceed  by  inference.  We  know  that  reinforced 
concrete  on  land  is  a  most  permanent  material,  requiring  no  upkeep,  no  painting,  and  increasing 
in  strength  with  lage.  We  know  that  the  same  applies  to  reinforced  concrete  sea  work  or 
tidal  work,  jetties,  quays,  etc.,  when  properly  designed  and  carried  out.  There  may  have 
been  a  few  cases  (very  few  indeed  in  proportion  to  the  number  of  successful  works)  in  which 
defects  developed.  But  in  those  cases  the  defect  can  always  be  traced  to  causes  which  do  not 
affect  the  principle  of  reinforced  concrete,  and  could  have  been  avoided  by  taking  due  care. 
Local  examples  being  always  of  special  interest,  one  may  properly  refer  here  to  a  reinforced 
concrete  jetty  built  in  igoi  at  the  C.W.S.  works,  Dunston-on-Tyne,  with  a  rise  and  fall  of 
tide  of  15  feet,  and  which  is  in  absolutely  perfect  condition,  although  it  is  now  submitted  to 
much  greater  shocks  than  was  anticipated  owing  to  the  increased  tonnage  of  vessels 
accommodated. 
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We  know,  further,  that  reinforced  concrete  vessels  for  river  or  canal  or  harbour  work  have 
stood  the  test  of  time  very  well  indeed  ;  comprehensive  lists  of  such  vessels  have  been  printed 
so  often  lately  that  it  is  unnecessary  to  repeat  them. 

On  the  other  hand,  we  know  that  seacraft  are  submitted  to  much  more  severe  strains,  and 
this  is  where  doubt  may  arise.  To  overcome  the  difficulties  which  confront  reinforced  concrete 
seacraft,  one  must  first  of  all  realise  them  fully,  and  recognise  the  inherent  drawbacks  of  the 
material.  It  is  then  comparatively  easy  to  devise  means  for  removing  the  disabilities.  That 
there  will  be  failures  cannot  be  doubted.  Most  of  them  will  arise  from  imperfect  under- 
standing of  the  effect  of  combined  stresses.  But  the  experience  already  at  our  disposal  is 
sufficient  to  show  that  some  of  the  difficulties  encountered  can  be  overcome  by  more  careful 
designing,  and  there  are  good  grounds  for  assuming  that  the  reinforced  concrete  vessels 
which  it  is  now  proposed  to  build  up  to  a  certain  size  will  have  the  necessary  lasting  qualities. 
The  question  now  arises  as  to  what  is  the  limiting  size  of  reinforced  concrete  ships,  but 
before  trying  to  give  a  tenOative  reply  to  the  query  it  is  necessary  to  face  one  of  the  great 
defects  of  reinforced  concrete  vessels,  viz.,  their  weight. 

6. WEIGHT    OF    REINFORCED    CONCRETE     VESSELS. 

It  is  so  obvious  that  reinforced  concrete  vessels  are  heavier  than  steel  ones  that  there  is 
no  need  to  explain  why.  The  important  podnt  is  to  make  a  comparison  between  vessels  of  the 
two  classes  and  of  same  deadweight  carrying  capacity.  The  designs  of  vessels  upwards  of 
1,000  tons  deadweight  prepared  by  the  Author's  firm  comprise  one  deck  single-screw  cargo 
vessels  of  1,000,  2,000,  4,000  land  6,000  tons  deadweight,  and  the  comparison  will  be  limited 
to  those.  It  must  be  stated  that  the  full  detailed  working  plans  for  the  larger  units  are  not 
quite  completed  as  yet,  so  that  slight  alterations  in  the  figures  here  below  given  are  possible. 

In  the  following  tables  the  figures  referring  to  the  steel  vessels  have  been  kindly  prepared 
by  Mr.  R.  Cole  and  Mr.  H.  Burgess,  of  Messrs.  Sir  W.  G.  Armstrong,  Whilworth  and  Co.. 
Ltd.,  the  design  of  the  reinforced  concrete  vessels  has  been  prepared  in  collaboration  with 
Mr.  T.  G.  Owens  Thurston,  of  Messrs.  Vickers,  Ltd..  and  to  them  the  Author  wishes  to  tender 
here  his  best  thanks. 

The  above  Table  I.  allows  one  to  compare  at  a  glance  the  main  characteristics  of  the  vessels. 

From  the  figures  in  that  table  another,  Table  II.,  has  been  prepared,  which  gives  the 
factor  for  converting  deadweight  carrying  capacity  into  total  displacement,  both  for  the 
steel  and  the  reinforced  concrete  vessels  figuring  in  Table  I. 

7. — COST  OF  REINFORCED   CONCRETE   SHU'S. 

The  saving  which  can  be  effected  by  reinforced  concrete  in  a  certain  class  of 
vessel  is  due  partly  to  the  saving  in  steel,  partly  to  the  fact  that  no  heavy  plant 
is  required  for  reinforced  concrete  work,  and  partly  to  the  fact  that  the  bulk  of  the  labour 
employed  need  not  be  skilled,  and  is  therefore  cheaper.  But  if  the  last  two  factors  remain 
the  same  whatever  the  size  of  the  vessel,  the  first  is  a  variable  one.  To  start  with,  it  must  be 
stated  that  the  saving  in  steel  is  not  as  great  as  was  claimed  at  first ;  a  saving  of  80 
per  cent,  or  even  more  as  has  been  mentioned  occasionally  seems  quite  out  of 
the  question.  Nevertheless  the  saving  exists  and  in  some  cases  exceeds  50  or  55 
per  cent,  which  is  not  at  all  negligible.  And  in  that  respect  it  is  as  well  when  comparing 
figures  to  note  that  in  reinforced  concrete  there  is  no  waste  of  steel  in  the  process  of  con- 
struction, whereas  it  seems  a  recognised  fact  the  weight  of  steel  required  for  building  a  steel 
ship  is  about  10  per  cent,  greater  than  that  of  the  steel  which  is  finally  embodied  in  the 
structure  owing  tio  waste  in  cuts  of  plates,  angles,  rivet  holes,  etc.  As  far  as  stresses  go  steel 
is  not  used  very  economically  for  steel  ships  of  small  tonnage,  but  it  receives  a  better 
utilisation  when  the  tonnage  grows.  By  way  of  illustration,  taking  as  units  the  stresses  per 
sq.  in.  on  the  upper  deck  and  on  the  bottom  plating  respectively  for  steel  cargo  vessels  of  1,000 
tons  deadweight  it  may  be  assumed  that  the  stresses  in  bigger  vessels  would  approximately  be 
greater  in  the  ratio  shown  in  the  following  Table  IV.  :  — 

T.4BLE  IV. — Ratio  of  Increase  of  Stress  Tons  per  So.  In. 
Deadweight  in  Tons.  i.ooo. 

On  upper  deck     ...         ...         ...      i 

Bottom   plating      ...  ...  ...      i 

It  will  be  seen  that  steel  vessels  have  to  meet  the  same  difficulty  as  reinforced  concrete 
vessels  in  the  case  of  small  tonnage,  viz.,  a  bad  utilisation  of  the  full  strength  of  the  con- 
stituent  materials.      Whereas,    however,    in   the   case  of    reinforced   concrete   it   is   the   concrete 
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which  is  badly  utilised  (as  far  as  its  potential  strength  is  concerned),  in  steel  vessels  it  is  the 
steel.     In  both  cases  the  drawback  gradually  disappears  when  the  tonnage  increiases. 

A  much  better  utilisation  of  the  steel  takes  place  in  reinforced  concrete  ships  of  small 
tonnage,  utilisation  which  cannot  be  improved  upon  very  much  when  tonnage  increases.  It 
would  seem  that  the  important  saving  in  steel  resulting  from  the  adoption  of  reinforced 
concrete  for  ships  of  small  tonnage  remains  a  fairly  constant  percentage  up  to,  say,  3,000 
tons  deadweight,  but  in  the  light  of  present  designing  that  for  larger  units  it  would  become 
gradually  smaller. 

It  is  most  diflicult  to  give  an  accurate  comparison  of  the  prices  for  steel  and  reinforced 
concrete  ships.  The  question  is  so  beclouded  by  considerations  of  many  kinds  that  it  has 
been  questioned  whether  the  undeniable  advantage  which  reinforced  concrete  offers  to-day  in 
this  respect  will  remain  when  normal  times  return.  The  Author  feels  unable  to  give  precise 
indications  which  actual  experience  may  alone  procure.  But  it  seems  fair  to  say  that  on  a 
pre-war  basis  one  may  estimate  that  the  cost  of  the  reinforced  concrete  hull  is  about  70  per 
cent,  of  the  cost  of  the  steel  hull  of  same  deadweight  carrying  capacity  in  the  case  of  small 
tonnage,  the  saving  beooming  somewhat  less  important  for  bigger  units.  As  against  this  one 
may  set  up  the  fact  that  the  cost  of  machinery  and  outfit  for  concrete  vessels  is  nipproximately 
5  per  cent,  dearer  than  it  is  for  steel  vessels. 
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Memoranda  and  Ne'ws  Items  are  presented  under  this  heading,  'cuith  occasional  editorial 
comment.     Authentic  netvs  nuill  be  welcome. — ED. 


The  Chemical  Industry  in  France. — A  Chemical  Industry  Society  has  been  formed 
in  France  under  tlie  title  "  Societe  de  Chimie  Industrielle  "  for  the  purpose  of  bringing 
Science  and  Industry'  into  close  touch  with  one  another  throughout  the  country, 
and  the  Administrative  Council  includes  the  most  eminent  industrial  authorities  on 
chemical  questions  in  France.  Every  branch  of  Chemical  Science  and  Industry  will 
be  represented.  The  objects  of  the  new  Society  are  briefly  :  (i)  To  assist  the  extension 
of  the  chemical  industry  in  all  its  domains  ;  (2)  to  group  and  bring  into  touch  with 
each  other  the  cliiefs  of  industry,  scientists,  engineers,  chemists,  etc.,  who  are  interested 
in  one  branch  or  another  of  chemical  sci.-nce  ;  and  lastly  to  contribute  to  the  progress 
of  the  chemical  industry  from  an  economic  as  well  as  from  the  scientific  point  of  view. 

The  Society  will  issue  a  monthly  journal  which  will  record  not  only  the  activities 
of  France  in  this  important  branch  of  industry,  but  will  also  give  particulars  of  research 
work  carried  out  in  other  countries.  The  section  devoted  to  cements,  limes  and  con- 
structional materials  is  under  the  able  direction  of  Monsieur  Candlot. 

Swimming  Baths  at  Arbroath. — The  following  short  description  of  some  public 
swimming  baths  at  Arbroath  is  an  interesting  example  of  the  use  of  reinforced  concrete 
for  this  kind  of  building.  The  question  of  erecting  public  swimming  baths  in  Arbroath 
had  been  under  discussion  for  a  verv'  long  time,  but  it  was  only  just  prior  to  the  out- 
break of  war  that  a  scheme  was  definitely  decided  upon  and  carried  out  by  the  Arbroath 
Municipality. 

Competitive  plans  for  the  proposed  baths  were  advertised  for  and  the  first  prize 
was  awarded  to  the  plans  submitted  to  Mr.  Hugh  Gavin,  architect,  Arbroath.  The 
building  is  of  reinforced  concrete  throughout.  The  planning  of  the  building  is  arranged 
in  such  a  way  as  to  allow  for  future  extension  of  the  shpper  baths,  the  piping  being 
all  ready  for  any  such  addition.  In  the  conditions  of  the  competition  for  plans 
emphasis  was  laid  on  the  necessity  of  keeping  carefully  in  view  the  need  of  oversight 
and  control  by  a  hmited  staff.  Accordingly,  in  the  plans  selected,  the  shpper  baths 
and  s-wdmming  pond  are  on  the  same  level  as  the  ticket  office,  so  that  all  these  can  be 
superintended  by  one  attendant.  Ten  shpper  baths  have  been  provided.  There  is 
also  suitable  store  and  lavatory  accommodation.  On  the  first  floor  there  is  a  platform 
gallery  overlooking  the  sudmming  pond.  The  dimensions  of  the  pond  are  75  ft.  by 
30  ft.  and  it  is  amply  lighted  and  ventilated  from  a  glazed  cupola  which  runs  along  the 
whole  length  of  the  roof.  Forty  dressing  boxes  have  been  provided  on  the  north 
and  south  sides  of  the  swimming  pond,  and  over  the  dressing  boxes  are  galleries  for 
spectators. 

The  laundry,  engine  room  and  boiler  house  are  situated  on  the  west  side  of  the 
building. 

The  reinforced  concrete  construction  work  was  carried  out  by  the  Allen  Con- 
struction Co.,  of  Glasgow,  and  nearly  the  whole  of  the  cement  was  supphed  by  IVIr. 
James  Cables,  Arbroath,  agent  for  the  Associated  Portland  Cement  i\Ianufacturers, 
Ltd.      Our  illustrations  show  an  interior  and  exterior  view  of  the  premises. 

Tests  of  Reinforced  Concrete  Pit  Props. — Some  verj'  interesting  tests  were  under- 
taken recently  at  the  Manchester  Uni\-ersity  on  some  concrete  pit  props  made  by 
The  Lilleshall  Co.,  Ltd.,  of  Salop.  The  props  were  reinforced  on  the  "  Keedon  " 
system  and  were  up  to  6  ft.  long  with  |  in.  steel  rods  as  reinforcement  passing  through 

32  + 


!£ 


CDNSTBUCni 
ENGINEEJ^NG 


MEMORANDA. 


Exterior  View. 


Interior  View. 
Reinforced  Conxrete  Swimmint,  B.^ths.  .\rbro.\th. 
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comer  hoops  in  triangular  steel  frames  and  fix;ed  at  intervals.  There  were  also  props 
7^  ft.  long  similarly  reinforced.  Some  20  concrete  props  were  tested  and  the  results 
are  shown  in  the  following  table  : — 


No. 


Broke  at, 
tons. 
26 
25i 
37 
4ii 
42i 
19I 
^3 
19 
195 


No. 


14 
15 
16 
17 

18 
19 


Broke  at, 
tons. 

20i 

3oi 

23 

3oi 

30 

33 
31 

29i 

25 


A  number  of  wood  props  of  varying  lengths  and  about  5  in.  in  diameter  were 
also  tested  and  subjected  to  a  load  of  from  14 J  to  30  tons.  Only  two  English  larch 
props  withstood  30  tons.  It  is  stated  that  the  wood  props  in  nearly  every  case  broke 
in  tlie  middle. 

An  ordinary  prop  was  also  tested  for  side  pressure.  This  broke  at  6,500  lb. 
This  weight  was  kept  on  the  prop,  which  continued  to  bend,  but  did  not  collapse. 
A  7  ft.  Welsh  larch  bar  broke  at  2,700  lb.  A  10  ft.  concrete  bar  broke  at  15,100  lb., 
and  had  a  deflection  of  6f  in.,  and  was  still  considered  safe,  although  the  concrete 
was  badly  cracked.  A  great  feature  about  the  concrete  props  was  that  they  broke 
or  crushed  at  one  end,  only  damaging  about  9  in.  to  12  in.  in  length.  This  was  cut 
off,  and  the  prop  again  put  in  the  testing  machine,  and  in  every  case  the  prop 
which  was  retested  came  out  stronger  than  the  original  prop.  The  ends  of  one  prop 
were  sawn  off  twice,  making  three  props  in  all,  and  there  was  no  reason  to  believe 
otherwise  that  all  the  props  could  be  sawn  in  a  similar  way.  This  is  a  great  factor 
in  the  use  of  concrete  pit  props  underground,  because  they  can  be  used  over  again 
after  one  has  been  broken,  without  any  deterioration  in  strength. 

India. — Recently  the  Indian  mail  brought  news  of  the  death  of  one  of  the  pioneers 
in  reinforced  concrete  construction,  as  also  of  the  later  cement  manufacturing  industry 
in  India. 

We  refer  to  the  late  John  James  Marsland,  who  died  on  February  25th  last. 

He  was  responsible  for  bringing  into  being  the  well-known  Bombay  firm  of 
Messrs.  Marsland,  Price  &  Co.,  Ltd.,  specialists  in  reinforced  concrete  construction 
and  constructional  engineers.  The  firm  started  business  in  1899,  and  has  carried 
out  a  large  and  varied  amount  of  work  in  different  parts  of  India,  the  latest  being 
concrete  ships. 

In  1908  the  firm  became  a  joint  stock  company  with  a  capital  of  six  lakhs,  and  is 
at  present  under  the  able  management  of  Mr.  George  T.  Mawson,  who,  notwithstanding 
"  the  war,"  reports  considerable  work  in  hand. 

It  is  a  rule  with  the  company  to  employ  only  their  own  staff  of  qualified  work- 
men in  carrying  out  reinforced  concrete  work  under  skilled  supervision,  and  to  detailed 
designs  also  prepared  by  their  own  experienced  engineers. 

This  method  is  commendable,  for  cUents  are  assured  of  sound  work  at  the  minimum 
expenditure  in  materials  and  labour. 

Engineers  and  others  in  India  requiring  structures  in  reinforced  concrete  would 
be  well  advised  to  approach  this  company,  which  has  the  very  necessary  long  practical 
experience  in  this  ever  expanding  class  of  construction. 

CORRESPONDENCE. 
Concrete  Slmplifled. 

To  the  Editor  of  Concrete  and  Constructional  Engineering. 

Sir, — I  have  read  your  April  number  with  great  interest,  and  I  should  like  to 
point  out  to  the  writer  of  the  article  entitled  "  Concrete  Simplified  "  that  in  my 
opinion  (and  I  feel  sure  my  ideas  will  be  endorsed  by  most  of  your  readers)  it  is  unwise 
to  recommend  the  use  of  "  boiler  ashes  "  as  a  suitable  aggregate  for  floor  or  roof 
concrete,  especially  for  the  latter,  for  the  good  reason  that  cracks  and  expansion  arise 
from  the  chemical  action  set  up  by  the  presence  of  sulphur  in  "  boiler  ashes." 

As  regards  watertight  concrete  roofs  without  asphalt,  my  experience  as  a  con- 
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cretor  and  asphalter  is  that  if  instead  of  boiler  ashes  as  an  aggregate  three  parts 
of  clean  machine-broken  brickbats  and  tliree  parts  of  coarse  sand  or  fine  gravel  to 
one  part  of  Portland  cement  were  used,  and  finished  on  top  wdth  fine  gravel  and 
cement,  three  to  one,  and  mixed  with  a  waterproofing  compound,  will  make  a  safe 
watertight  roof  without  asphalt. 

In  floor  work  I  should  use  the  "  boiler  ashes  "  you  recommend  simply  for  the 
reason  that  you  can  nail  boards  to  them,  but  make  provision  for  expansion  by  inserting 
wood  wedges  along  the  walls  and  drawing  them  out,  thus  leaving  a  space  after  the 
concrete  is  set.  Yours  faithfully,  Joseph  B.  Johnson. 

PS. — Temperature  cracks  can  be  effectually  treated  with  a  wash  of  "  Ironite," 
and  flat  roofs  thus  made  watertight. 

TRADE  NOTE. 
Water  in  Cellars.- — Every  winter  the  cellar  of  Tanhouse  Farm,  Ipsley,  has  been 
flooded  to  a  depth  of  i8  in.  to  24  in.  The  walls  have  been  made  bone  dry  with 
waterproofed  cement  but  the  floor  has  been  left  until  the  dry  season  owing  to  the 
permanent  flow  of  water.  By  waiting  until  the  summer  when  the  flood  subsides 
the  expense  of  continual  pumping  will  be  obviated,  and  it  is  then  proposed  to  cover 
the  floor  with  Pudloed  concrete. 

PUBLICATION. 

The  Empire  Municipal  Directory  and  Year  Book  1918. — This  publication  forms 
a  most  useful  guide  and  book  for  reference  purposes  for  all  interested  in  municipal 
affairs.  The  Directory  of  Local  Authorities  (Section  I.)  is  most  complete  and  com- 
prehensive. Section  II.  deals  with  Roads  and  Road-making  and  contains  useful 
notes  regarding  all  the  various  materials  employed  in  road  construction.  A  portion 
of  the  section  refers  to  reinforced  concrete  road  systems,  and  briefly  refers  to  the 
experimental  roads  laid  in  Kent.  There  are  other  notes  regarding  concrete  and 
concrete  construction  which  will  be  found  in  Section  IV.  entitled,  "  Plain  and  Rein- 
forced Concrete  and  Cement."  Other  sections  deal  with  Lighting  and  Heating, 
Water  Supplv,  Sewerage  and  Sewage  Disposal,  Fire  Prevention,  and  Town  Planning. 
A  special  feature  is  the  Municipal  War  Legislation  Section  comprising  all  the  Statutes, 
Orders  and  Regulations  enacted  or  issued  since  August  1914.  The  volume  is  consider- 
ably enlarged  since  last  year's  issue  and  is  published  by  the  Proprietors  of  Municipal 
Engineering  and  The  Sanitary  Record,  S^Bream's  Buildings,  Chancery  Lane,  E.C.4, 
price  5s.  net  (post  free,  5s.  6d.). 

THE 

VICTORIA 

CONCRETE    MIXER 

shown  in  the  illustration  is  fitted  with 
our  latest  side  loader  and  is  driven  direct 
by  petrol  engine,  the  plant  being  mounted 
on  road  wheel  truck. 


It  represents  THE  MOST  MODERN  CONCRETE  MIXING  PLANT  obtainable 
COMPACT,  SELF-CONTAINED,  RELIABLE. 


WRITE  FOR  CATALOGUE   VC. 


Telephone— VICTORIA  1849. 


STOTHERT  &  PITT 

LTD., 

38,  Victoria  Street,  S.W. 
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Volume  XIII.,  No.  7.  London,  July,  1918. 

EDITORIAL  NOTES. 


THE    MINOR    USES    OF    CONCRETE. 

Since  the  dearth  of  timber  made  itself  felt  this  journal  has  consistently  pressed 
the  uses  of  concrete  for  the  many  minor  purposes  for  which  timber  is  usually 
employed,  but  is  ncjt  essentially  or  necessarily  even  the  most  economical  material 
to  use.  We  have  shown  b\'  illustration  and  otherwise  the  innumerable  uses  to 
which  concrete  can  be  put  for  everyday  purposes. 

When  three  years  of  the  War  had  elapsed,  the  Concrete  Institute  also  com- 
menced to  formulate  a  list  of  the  objects  to  which  concrete  can  be  usefully  applied, 
but  we  have  not  yet  seen  any  formal  communication  thereon,  nor  have  we  observed 
any  publicity  given  by  the  Institute  to  this  subject. 

Under  the  circumstances  we  ask  whether  it  should  not  be  one  of  the  primary 
objects  of  the  Timber  Controller  not  only  to  control  and  regulate  the  supply  of 
the  available  timber,  but  more  s^-stematicalh'  to  discourage  its  use  and  encourage 
the  employment  of  concrete  as  a  substitute. 

We  are,  of  course,  aware  of  the  Cabinet  instruction  that  has  been  issued  to  all 
Government  Departments  that  the  employment  of  timber  is  to  be  limited,  and 
that,  as  far  as  possible,  substitutes,  such  as  concrete,  be  specified.  Some  Depart- 
ments are  quite  loyal  to  this  Cabinet  instruction ;  others,  either  owing  to  neglect 
or  for  reasons  other  than  technical,  continue  the  use  of  timber  where  it  is  not 
essential. 

The  War  Office,  in  particular  in  its  Home  Commands,  is  a  primary  delinquent 
in  this  direction,  but  it  is  not  the  only  one.  Municipalities  have  entirely  failed 
to  realise  the  advisabihty  of  systematically  substituting  other  materials  for  timber  ; 
in  the  county  councils,  the  urban  district  councils,  an  insistent  wastage  of  timber 
still  prevails.  Surely  the  time  has  arrived  to  prohibit  the  use  of  timber  for 
unnecessary  purposes. 

Has  not  the  time  come  for  the  Timber  Controller  to  issue  literature, 
both  of  a  technical  and  popular  character,  in  the  form  of  circulars,  notices, 
and  posters,  that  may  serve  as  a  guide  to  the  pubhc  and  to  their  professional 
advisers  as  to  what  may  be  done  to  limit  the  uses  of  timber  ? 

Though  mainly  concerned  in  the  advantages  of  employing  concrete  for  the 
reason  that  the  primary  aggregate  for  concrete  is  practically  everywhere  available 
throughout  the  country  without  transportation,  and  the  proportion  of  cement 
needful  as  a  binding  material  is  comparatively  small  and  also  readily  obtainable 
throughout  the  country,  we  do  not  wish  to  be  so  narrow-minded  as  to  lose  sight  of 
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the  fact  that  there  are  other  materials  besides  concrete  which  can  in  places  be 
readily  substituted  for  timber.  But  whether  this  be  brick  or  asbestos 
composites,  we  hold  that  there  is  nothing  more  economical,  and  which  requires 
less  expenditure  by  way  of  maintenance,  than  concrete  where  substitutes  have  to 
be  provided. 

This  journal  appeals  to  the  technical  reader  in  particular,  and  it  has  not 
failed  to  indicate  the  substitutes  for  timber  suitable  for  minor  purposes.  Its 
publication.  Concrete  Cottages,  Small  Garages,  and  Farm  Buildings,  published 
recently,  also  gives  a  very  considerable  amount  of  information  in  this  direction 
useful  to  the  technical  professions,  the  estate  owner,  the  farmer,  and  the  public 
generally.  Organisations  such  as  the  Concrete  Utilities  Bureau  have  issued 
most  useful  pamphlets  on  specific  forms  of  construction  to  which  concrete  is 
applicable  in  these  times.  But  we  hold  that  where  national  interests  are  at  stake, 
and  where  so  much  tonnage  is  required  to  bring  in  the  timber  used,  it  is  high  time 
that  the  Government  as  such,  and  preferably  the  Timber  Controller's  Depart- 
ment, should  act  boldly  and  prohibit  the  use  of  timber  in  certain  directions, 
whilst  plainlv  encouraging  the  employment  of  other  materials. 

PUBLISHERS'    NOTE. 

Owing  to  the  continued  increase  in  the  cost  of  paper  and  of  production,  we 
find  ourselves  now  compelled  to  raise  the  price  of  our  journal  to  is.  6d.  per  copy 
{annual  subscription  i8s.). 

Owing  to  the  conditions  at  present  prevailing,  we  had  only  two  courses  open 
to  us — namely,  either  to  reduce  the  size  of  the  journal  or  to  increase  its  price ; 
and  after  careful  consideration  the  latter  course  has  been  decided  upon. 

We  would  remind  readers  that  owing  to  the  new  Order  in  Council  the  book- 
stalls no  longer  keep  supplies  of  the  journal  for  chance  purchasers,  and  that 
copies  have  to  be  ordered  in  advance  at  the  booksellers  or  bookstalls,  or  subscribed 
to  at  the  Publishers'  Office,  4  Catherine  Street,  Aldwych,  London,  \V.C.2. 
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Segrkgation  Arka,  showing  Governmknt  Police  Com- 
missioner's Bungalow.  Koforidua.  Gold  Coast  Colony. 


SOME  NOTES 
ON    BUILDING 

IN 

WEST  AFRICA: 
WITH  SPECIAL 
REFERENCE 
TO  THE  USE 
OF CONCRETE 


By  H.  G.  HOLT,  A.R.I.B.A. 

Part  II. 

The  folloiuing  notes  "with  regard  to  building  materials  imported  to  West  Africa,  sanitation 
in  connection  -with  buildings,  and  further  details  and  vieivs  of  the  buildings  of  the  Bank  of 
British  West  Africa,  Ltd. ,  'will  no  doubt  be  of  interest. — ED. 


IMPORTED    BUILDING   MATERIALS. 


Portland  cement  takes  the  chief  place  of  importance  in  the  list  of  materials 
sent  out  to  West  Africa  for  building  purposes,  and  it  is  largely  used  all  over  the 
coast.  Structural  steel  is  also  wholly  imported.  Door  and  window  fittings, 
locks,  door  furniture,  etc.,  are  made  of  brass  or  bronze.  On  the  sea  coast  iron 
perishes  rapidly  owing  to  the  humidity  and  salt  in  the  air.  Glass,  paints,  and 
asbestos  sheeting  of  various  kinds  are  also  imported.  Pressed  asbestos  slates 
have  been  largely  used,  but  do  not  appear  to  be  wholly  satisfactory  as  a  roof 
covering ;  they  absorb  a  certain  amount  of  moisture,  and  are  apt  to  curl  up  at  the 
corners  with  the  heat  when  laid  diamond-wise.  Corrugated  iron  roofing  is  pre- 
ferred in  many  cases  for  durability  and  weatherproof  qualities,  but  certainly  the 
appearance  of  good-class  buildings  is  not  improved  by  the  cheap,  shoddy  look 
which  a  corrugated  sheet  roof  always  gives.  The  cost  of  freight  has  always  to 
be  carefully  borne  in  mind,  and  there  is  nothing  gained  by  exporting  cheap  poor- 
class  fittings,  as  the  freight  is  the  same  as  on  a  better-class  and  more  lasting 
article.  The  problem  of  a  satisfactory  roof  covering  is  one  of  the  chiefest  in 
connection  with  West  African  building.  Welsh  slates  have  been  tried,  but  it  has 
been  discovered  that  the  natives  do  not  get  into  the  knack  of  holing  and  fixing 
these  properly  ;  breakage  in  transit  is  also  a  serious  drawback  to  the  use  of  slates. 
The  French  import  quantities  of  ^Marseilles  red  roofing  tiles  into  the  French  Ivory 
Coast,  and  these  make  a  handsome  and  durable  roof,  but  they  are  verj-  expensive. 
Probably  cement  and  sand  tiles,  waterproofed  with  Pudlo  or  some  other  water- 
proofing composition,  form  as  good  a  means  of  roofing  a  decent  class  building  as 
any  method  tried  hitherto.  Such  tiles  were  used  on  the  roof  of  the  staff  bungalow 
of  the  Bank  of  British  West  Africa,  Limited,  at  Accra  (Gold  Coast  Colony).  Reports 
indicate  that  during  last  rainy  season,  which  was  one  of  the  worst  in  recent  years, 
the  tiles  proved  quite  serviceable  and  weatherproof.  The  laying  of  the  tiles,  apart 
from  the  care  which  must  be  exercised  in  their  manufacture,  naturally  plays  a 
great  part  in  their  weatherproof  or  other  qualities. 
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At  "  K  "  Hill,  Seccondee,  a  large  bungalow  was  erected  some  time  ago  for  the 
Bank  of  British  West  Africa,  Ltd.,  by  Messrs.  H.  Greene  &  Co.,  of  Liverpool, 
Freetown,  and  Lagos,  and  the  interesting  photograph  in  Fig.  g  illustrating  this 
shows  the  building  in  course  of  construction.  Note  the  thin  scaffolding  reminiscent 
of  native  Indian  scaffolding.  The  building  was  erected  with  concrete  blocks  and 
mass  concrete  in  parts,  and  was  planned  by  Mr.  J.  H.  Garner.  Figs.  lo  and  ii 
show  details  of  the  Bank  building  at  Seccondee  previously  described. 

A  few  views  are  illustrated  of  various  buildings  at  Koforidua,  formerly  known 
as  Komfrodua,  an  inland  town  in  the  cocoa  district  of  the  Gold  Coast,  on  the  Accra 
railway.  These  illustrations  are  interesting  as  showing  the  development  of  the 
West  African  township:  a  general  view  of  the  main  street  is  shown  in  Fig.  12 ;  again 
note  the  motor  car  !  The  Government  public  offices  are  shown  in  Fig.  13,  com- 
prising district  engineers'  and  treasurers'  offices.     The  police  commissioner's  bunga- 


FiG.  9.  Concrete  Block  Bungalow  in  Course  of  Construction  at  "  K"  Hill.  Seccondee. 

low  isshown  in  Title  headpiece,  which  is  a  view  of  the  Government  segregation  area. 
To  the  right  may  be  seen  the  temporarv  hut,  left  standing  from  early  construction 
days. 

The  Bank  building  at  Coomassie,  on  the  Gold  Coast,  is  shown  in  Fig.  14, 
and  one  of  the  trading  firms'  premises  adjoining.  The  buildings  are  part  brick 
and  part  concrete,  and  both  were  among  the  first  substantial  erections  put  up  in 
Coomassie. 

These  notes  regarding  West  African  building  would  be  incomplete  without 
some  reference  to 

SANITATION. 

Good  sanitation  is  essential  if  health  is  to  be  maintained,  and  especially  is 
this  the  case  in  tropical  countries,  where  special  difficulties  and  dangers  inimical 
to  health  are  encountered.     There  is  no  doubt  that  in  West  Africa  one  of  the 
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worst  causes  of  trouble  is  the  mosquito,  and  to  prevent  the  breeding  of  mosquitoes 
is  one  of  the  main  points  to  which  attention  is  constantly  devoted.  Some  very 
valuable  researches  have  been  made,  and  much  useful  information  has  been 
published  by  the  Yellow  Fever  Commission  (West  Africa),  from  the  main  points 
of  which  I  quote  the  following  as  being  of  particular  importance  as  a  guide  in 
connection  with  the  arrangement  of  buildings  and  their  fitting  from  a  sanitation 
point  of  view  : 

"  Eggs  are  laid  on  fallen  leaves  lying  in  water  holes." 
"  Cooling  acts  as  a  stimulus  to  the  hatching  of  eggs."  .  .  . 
"  The  larvae  period  is  passed  in  four  days  under  favourable,  and  up  to  70 
under  unfavourable  circumstances." 


Fig.  10.     Bank  of  British  West  Africa,  Ltd.,  Seccondee.     Main  Entrance. 

"  The  larger  larvae  of  S.  Fasciata  consume  the  smaller  ones."  .  .  . 

"  There  is  an  apparent  association  between  the  speed  of  larvcd  growth  and 
the  development  of  bacteria." 

"  Ants  proved  deadly  foes  of  caged  mosquitoes."  .  .  . 

"  Salt  water  speedily  kills  larvae,  but  does  not  destroy  the  pupae."  .  .  . 

"  Salt  water  for  flushing  culverts  and  gutters  and  watering  roads  might  prove 
very  beneficial."  .  .  . 

"  Emulsions  of  soft  soap  and  petroleum  are  more  effective  larvicides  than  when 
used  separately,  and  with  naphtha  added  kill  all  larvce  and  pupce  at  a  strength  of 
I  in  20,000." 

"  Kitchen  and  boys'  quarters  are  most  often  chosen  for  deposit  of  eggs." 

"  Well  covered,  cleanly  cisterns  require  covers  of  specially  small  mesh  wire 
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gauze,  not  less  than  i8  by  i8  gauge,  as  eggs  may  be  washed  in  from  gutters  during 
rain.  Adult  mosquitoes  of  normal  size  do  not  pass  a  i6  by  i6  gauge,  but  if  dwarfed 
by  scarcity  of  food  undoubtedly  could  do  so,  and  a  mesh  of  not  less  than  i8  by  i8 
is  essential  for  safety." 

Public  water  supply  is  not  generally  obtainable.  Lagos  has  a  public  water 
service,  so  has  Abeokuta,  in  Nigeria,  and  both  these  towns  are  supplied  with 
electric  lighting  service,  though  that  at  Abeokuta  is  suspended  at  present.     Public 


Fig.  11.     Bank  of  British  West  Africa,   Ltd..  Seccondee.     Manager's  Private  Entrance. 

water  supplies  have  also  been  provided  at  Accra  and  Seccondee  in  the  Gold  Coast, 
but  at  Freetown,  the  capital  of  Sierra  Leone  Colony,  there  has  been  a  very  efficient 
water  supply  for  a  number  of  years. 

The  water  supply  for  domestic  purposes  is  usually  collected  from  the  roofs 
and  stored  in  cisterns,  hence  the  above  remarks  quoted  from  the  Report.  Light- 
ing is  generally  by  kerosene  lamps,  though  acetylene  gas  lighting  has  been  installed 
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Fig.  12.     General  View  ok  Main  Street.  Koi  > 


Fig.  13.     Government  Offices  .\t  Koforidua. 
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at  several  buildings  belonging  to  the  Bank  of  British  West  x\frica  and  one  or  two 
of  the  trading  firms  have  also  adopted  it.  This  form  of  lighting  has  been  very- 
successful,  and  it  can  be  attended  to  by  a  native  boy  after  instruction. 


Fig.  14.     B.ANKaBurLDiNG  at  Coomassif,  in  foreground,  partly  constructed  of  brick  and  partly 
OF  concrete  ;   .vIessrs.  Miller's,  Ltd.,  pre.mises  adjoining. 
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REINFORCED  CONCRETE  REGULATIONS. 


CHARLES  F.  MARSH,  M.lnst.C.E. 
{Concluded.) 

The  first  tivo  articles  on  these  Regulations  appeared  in  oar  May  and  June  issues. ~ED. 


REciULATiON-;  71  to  83  iiiclusive  deal  with  working  stresses  and  follow  the  final 
report  of  the  special  committee  of  the  American  Society  of  Civil  Engineers. 

Regulation  71  states  that  the  effect  of  impact  must  be  added  to  tlie  hve  load 
(superimposed  loading)  to  produce  an  equivalent  static  load,  which  must  be  used  in 
all  calculation  before  applying  the  allowed  working  stress  or  proportioning  parts  ; 
that  the  working  stresses  must  be  taken  as  percentages  of  the  ultimate  strength  of 
the  concrete  actually  used  as  developed  at  an  age  of  twenty-eight  days  in  cyUnders 
8  in.  in  diameter  and  16  in.  long,  made  and  stored  under  laboratory  conditions. 

This  method  of  obtaining  the  working  stress  is  much  preferable  to  the  arbitrary 
equations  of  the  London  County  Council  regulations,  as  it  allows  advantage  to  be 
taken  of  cartful  grading  of  the  aggregates. 

Clause  71  further  gives  the  following  average  general  strengths,  in  lbs.  persq.  in., 
for  concretes  made  of  the  best  Portland  cement  with  clean,  gritty  sand,  composed  of 
hard,  siliceous  grains,  free  from  clay  or  any  animal,  vegetable,  alkaline,  or  bituminous 
matter  : 

TABLF   I. 


Aggregate. 

1:1:2 

1:1-5:3 

1:2:4 

1:2-5:5 

1:3:6 

I '=3 

r=.i 

F  =  6 

F=7i 

F  =  9 

Blue  metal  and  river  grave!  of  the  hardest 

and  best  quality  . . 
Ordinary  sandstone  of  good  qnalitv 
Clinker  concrete 

3,noo 

2,200 

800 

2,500 

i.Soo 

700 

2,000 

1,500 

600 

i,Oon 
1,200 

1,300 
1,000 

Regulation  72  provides  that  the  concrete  in  the  work  must  not  have  less  strength 
than  qo  per  cent,  of  the  foregoing,  when  tested  as  cylinders  of  the  foregoing  dimensions 
and  under  the  foregoing  conditions.  In  this  case  the  working  stresses  must  not 
exceed  the  percentages,  given  under  the  following  regulations,  of  the  figures  set  out 
in  the  above  table. 

Regulations  73,  74,  and  75  state  that  the  compressive  working  stress  must  not 

exceed  the  following  percentages  of  the  actual  compressive  strength  of  the  concrete- 

Bearing. — Such  as  the  bearing  of  columns  upon  foundations  of  concrete  where  the 

surface  is  not  less  than  twice  the  loaded  area,  S5  per  cent,  of  the  compressive  strength 

of  the  concrete  on  the  area  actually  under  load. 

Axial  Cotnpression. — For  concentric  compression  on   a   plain  concrete  column, 
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the  length  of  which  is  not  greater  than  four  times  the  least  lateral  dimensions,  22-5  per 
cent,  of  the  compressive  strength  of  the  concrete.  • 

Compression  in  Extreme  Fibre. — (a)  The  extreme  fibre  stress  of  a  beam,  calculated 
on  the  assumption  of  a  constant  modulus  of  elasticity  for  concrete  under  working 
stress,  may  be  allowed  to  reach  32-5  per  cent,  of  the  compressive  strength,  [b)  Adjacent 
to  the  support  of  continuous  beams,  stresses  15  per  cent,  higher  may  be  used. 

These  working  stresses  give  the  following  values,  in  lbs.  per  sq.  in.,  based  on 
the  above  table  of  compressive  strengths. 

TABFt;  II. 


I  :  I 

:  2 

I  ;  li 

•  3 

1:2: 

t 

Aggregate. 

Bear- 
ing. 

Axial. 

Flexural. 

Bear- 
ing. 

Axial. 

562 

405 
157 

Flexural. 

Bear- 
ing. 

Axial. 

Flexural. 

a 

b 

a 

Sr2 

585 
227 

b 

a 

b 

Blue    metal,    river 
gravel,  etc. 

Ordinary  sand- 
stone,'etc. 

Clinker  concrete   . . 

1,050 

770 
2  So 

675 

495 
180 

975 

715 
260 

1,121 

822 
299 

875 

630 
245 

934 

673 
261 

700 

525 
210 

450 

337 
135 

650 

48/ 
195 

747 
560 

22  1 

It  will  be  seen  that  the  above  values  for  fiexural  stresses  are  considerably  higher 
than  those  allowed  under  the  London  County  Council  regulations,  and  especially 
so  in  the  case  of  the  stronger  mixtures  than  1:2:4. 

Regulation  76  pro\'ides  for  the  allowable  maximum  shearing  stresses  to  be  used 
as  a  means  of  measuring  the  resistance  to  diagonal  tension,  and  gives  the  following 
values. 

{a)  For  beams  with  horizontal  bars  only,  and  with  no  web  reinforcement,  2  per 
Cent,  of  the  compressive  strength. 

{b)  For  beams  with  vertical  stirrups  spaced  not  more  than  half  the  depth  of  the 
beam  apart,  or  with  longitudinal  bars  bent  up  at  an  angle  not  greater  than  45°  or  less 
than  20^,  with  the  axis  of  the  beam,  the  points  of  bending  being  not  further  apart 
than  three-quarters  of  the  depth  of  the  beam,  not  to  exceed  4-5  per  cent,  of  the  com- 
pressive strength. 

(c)  For  a  combination  of  strirrups  and  bent-up  bars  spaced  apart  not  more  than 
half  the  depth  of  the  beam,  5  per  cent,  of  the  compressive  strength. 

[d]  In  a  unit  frame  consisting  of  bent-up  bars  and  stirrups  rigidly  connected 
to  the  longitudinal  bars  the  strirrups  placed  not  more  than  half  the  effective  depth 
of  the  beam  in  the  case  of  vertical  stirrups  and  not  more  than  three-quarters  the 
effective  depth  of  the  beam  in  the  case  of  inclined  members,  either  with  longitudinal 
bars  bent  up  or  nor,  6  per  cent,  of  the  compressive  strength. 

{e)  Web  reinforcement  must  be  designed  to  carry  at  least  two-thirds  of  the  total 
vertical  shear. 

The  above  percentages  on  the  values  in  Table  I.  are  as  follows,  in  lbs.  per  sq.  in.  : 

TABLE  III. 


I  :  ] 

:  2 

I  :  I 

i:3 

I  :  2 

:4 

Aggregate. 

a 

b 

c 

d 

a 

b 

c 

d 

:7 

h 

f 

d 

Blue  metal,  river  gravel.etc. 
Ordinary  sandstone,  etc.  . . 
Ciinker  concrete 

60 

44 
16 

135 
99 
3^ 

150 

no 

40 

180 

132 

.18 

50 
36 
14 

112 
81 
31 

125 
90 
35 

150 

108 

42 

40 

12 

90 
67 
27 

100 
75 
30 

120 
90 
3fi 
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Regulation  77  provides  that  the  total  external  vertical  shear  carried  by  bent  up 
baj"s  shall  in  no  case  be  considered  as  resisting  a  stress  greater  than  4^^  per  cent,  of  the 
ultimate  strength  of  the  standard  cylinders  tested  at  an  age  of  twenty-eight  days. 

Regulation  78  states  that  the  stresses  in  stirrups  and  bars  bent  up  at  not  mure 
than  43''  or  less  than  30°  (this  should  l>e  20°,  see  76  (b)  above)  shall  be  determined  by 
first  finding  the  portion  of  the  total  external  shear  which  may  be  allowed  tothebent- 
up  bars,  and  this  portion  subtracted  from  the  total  external  shear  lea\es  a  remainder 
of  which  two-thirds  must  be  provided  for  in  the  design,  of  the  stirrups. 

Regulation  jq  provides  that  the  safe  punching  shear  stress,  when  all  diagonal 
tension  is  provided  for,  shall  not  exceed  6  per  cent,  of  the  compressi\e  strength. 
(This  gives  same  values  as  under  columns  {d)  Table  III.) 

Regulation  80  provides  that  the  bond  stress  between  concrete  and  plain  bars 
shall  be  taken  at  4  per  cent,  for  drawn  wire,  2  per  cent,  of  the  compressive  stress. 
For  the  best  type  of  deformed  bar  the  bond  stress  may  be  increased,  bvit  must  not 
exceed  5  per  cent,  of  the  compressive  stress. 

These  percentages  give  the  following  safe  stresses  :  Twice  the  stresses  under 
columns  {a),  the  stresses  under  columns  {a),  and  the  stresses  under  columns  (c)  Table 
III.,  respectively. 

Regulation  81  provides  that  the  tensile  or  compressive  stress  in  the  steel  shall 
not  exceed  16,000  lb.  per  sq.  in.,  excepting  for  special  steels  referred  to  under  Regu- 
lation no,  which  allows  in  special  cases,  by  permission  of  the  City  Surveyor,  stresses 
up  to  18,000  lb.  per  sq.  in.,  providing  the  bond  stresses  do  not  exceed  those  specified 
under  regulation  80. 

E 
Regulation  82  gives  the  following  values  for  m=  ~  : 

Ac- 
table IV. 

Ultimate  strengtli  of  concrete         Not  more  Between  Between  Exceeding 

lb.  per  sq.  in.  than  800  800  and  2,200     2,200  and  2,900  2,900 

X'alue  of  m  ......         40  15  12  10 

In  calculating  deflections,  neglecting  the  tension  in  the  concrete,  it  is  provided 
that  the  value  of  ;«  shall  be  taken  as  8. 

It  is  questionable  whether  a  variable  value  for  in  for  1:2:4  concretes  and  richer 
mixtures  is  necessary,  a  constant  value  of  15  being  sufficiently  accurate. 

Regulation  83  provides  that  the  tensile  resistance  of  the  concrete  is  not  to  be 
considered  in  the  design  of  beams  or  floor  slabs. 

Regulations  96  to  99  inclusive  deal  with  the  spacing  of  reinforcements. 

Regulations  96  and  97  provide  that  the  distance  centre  to  centre  of  bars  must 
not  be  less  than  twice  the  diameter  of  the  coarse  aggregate,  plus  the  diameter  of  the 
bar,  nor  less  than  three  times  the  diameter  of  the  bars. 

Regulation  98  provides  that  the  distance  from  the  centre  of  a  bar  to  the  edge  of 
the  concrete  is  not  to  be  less  than  one  and  a  half  the  diameter  of  the  coarse 
aggregate  plus  half  the  diameter  of  the  bar. 

This  regulation  appears  to  be  unnecessary  since  Regulation  94  deals  with  the 
protecting  coating  of  concrete  over  the  bars. 

Regulation  99  states  that  the  spacing  of  the  main  reinforcing  bars  of  slabs 
shall  not  exceed  twice  the  depth  of  the  slab. 

Provisions  as  to  columns  are  dealt  with  in  Regulations  63  to  70  inclusive. 

Regulation  63  defines  a  column  as  a  compression  member  of  a  length  greater 
than  one-fourth  but  not  greater  than  fifteen  times  the  least  diameter  or  width.  (It 
would  appear  that  "  one-fourth  "  is  an  error  and  should  read  "  four  times.") 
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Regulation  64  provides  that  the  effective  diameter  of  a  column  must  be  taken  as 
that  within  the  circle  enclosing  a  spiral,  or  the  square  or  polygon  enclosing  the  bars  or 
structural  shapes  within  a  concrete  column  ;  that  spirals  or  hooping  shall  be  considered 
as  increasing  the  toughness  of  a  column  and  adding  to  its  ultimate  strength,  but,  as 
having  small  effect  on  its  behaviour  under  stresses  within  the  elastic  limit  of  the 
material. 

Hooping  is  to  be  circular,  and  the  ends  of  bands  must  be  united  so  as  to  develop 
their  full  strength. 

This  appears  to  mean  that  the  ends  of  hooping  bars  are  to  be  actuallv  united, 
but  the  bending  in  of  the  end  to  the  centre  of  the  core  and  overlapping  several  windings 
will  secure  the  same  result. 

Regulation  65  provides  that  the  core  cf  a  hooped  column  must  be  straight  and 
concentric,  and  properly  held  in  place. 

Regulation  66  states  that  no  hooped  or  spiral  column  is  to  have  a  length 
exec e  ling  ten  times  its  effective  diameter. 

This  regulation  appears  somewhat  restrictive  as  many  hooped  columns  have  been 
constructed  of  a  much  greater  relative  length  without  detriment  to  the  safety  of  the 
structure. 

Regulation  67  provides  that  longitudinal  reinforcement  may  be  considered  to 

add  to  the  compressive  resistance  of  a  column  by  an  amount  equal  to  "  ;»  "  times 

E 
its  area,  where  ?m=_-  =  i5  for  ordinary  1:2:4  concrete. 

Regulation  68  provides  for  the  compressive  working  stress  on  columns  with 
various  types  of  binding  reinforcement,  as  follows  : 

(a)  If  the  longitudinal  reinforcement  is  not  less  than  i  nor  more  than  4  per  cent., 
and  the  lateral  ties  are  not  less  than  I  in.  diameter  and  spaced  apart  not  less  than 
thiee-fourths  the  effective  width  or  diameter,  or  more  than  sixteen  times  the  diameter 
of  the  longitudinal  bar,  the  allowable  stress  on  the  concrete  may  be  22-5  per  cent,  of 
the  compressive  strength.     This  stress  is  the  same  as  for   "  axial  "  loading,  Table  II. 

{b)  With  longitudinal  reinforcements  as  above,  and  with  circular  spirals  not  less 
than  I  per  cent,  of  the  volume  of  the  concrete  if  the  length  of  the  column  does  not 
exceed  ten  times  the  effective  diameter,  the  allowable  stress  on  the  concrete  may  be 
50  per  cent,  higher  than  that  given  in  (a). 

The  volume  of  the  concrete  referred  to  above  is  evidentlv  that  of  the  hooped 
core. 

The  stresses  allowed  under  (a)  and  {b)  above  are  verv  low. 

No  spiral  hooping  is  to  have  a  volume  less  than  i  per  cent,  of  that  of  the  enclosed 
column,  and  the  clear  spacing  of  the  hooping  must  not  exceed  one-sixth  the  diameter 
of  the  enclosed  column,  and  preferably  not  greater  than  one-tenth,  provided  that 
in  no  case  it  shall  be  greater  than  2  J  in. 

[c)  In  square  or  rectangular  columns,  tliere  must  not  be  less  than  four  \-ertical 
bars  ;  and  in  every  circular  or  polygonal  column  not  less  than  six  vertical  bars.  The 
diameter  of  the  vertical  bars  is  not  to  be  less  than  J  in.  or  greater  than  2  in. 

In  the  above  the  word  "  vertical  "  evidently  is  intended  to  mean  "  longitudinal." 

There  appears  no  adequate  reason  for  limiting  the  diameter  of  longitudinal  bars  to 
2  in.  The  same  restriction  is  enforced  under  the  London  Countv  Council  regulations, 
and  was  probably  copied  from  the  recommendation  of  the  final  report  of  the  Special 
Committee  of  the  American  Society  of  Civil  Engineers. 

Regulation  69  states  that  bending  stresses  in  columns  due  to  eccentric  loads 
are  to  be  provided  for  by  increasing  the  area  of  the  cross-section,  so  that  the  maximum 
stress  does  not  exceed  the  values  specified. 
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Regulation  70  is  similar  to  Regulations  no  and  in  of  the  London  County  Council 
and  provides  that  the  joints  in  longitudinal  bars  must  be  at  or  near  a  floor  level  or 
other  point  of  lateral  support,  and  that  the  overlap  of  the  bars  must  be  at  least  equal 
to  twenty  times  the  diameter  of  the  upper  bar. 

Materials  are  dealt  with  under  Regulations  100  to  114  inclusive. 

Regulation  100  provides  that  all  materials  shall  not  be  of  the  best  quahty,  and  shall 
be  subjected  to  definite  requirements  and  tests. 

It  is  obvious  that  the  "  not  "  should  have  been  omitted  from  this  regulation. 

Regulation  10 1  deals  with  cement,  which  must  meet  the  conditions  for  slow 
setting  Portland  cement  of  the  standard  specification  of  the  New  South  Wales 
Government. 

Regulation  102  provides  that  the  quantity  of  cement  is  to  be  determined  by  weight 
and  93  J  lbs.  are  to  be  deemed  to  be  equivalent  to  a  cubic  foot ;  three  bags  or  one  cask 
of  cement  is  to  be  taken  as  equivalent  to  4  cu.  ft. 

The  cement  is  evidently  considered  as  being  packed  very  tightlv,  as  the  usual 
equivalent  for  bagged  cement  is  90  lb.  per  cu.  ft. 

Regulation  103  states  that  great  care  is  to  be  taken  in  selecting  coarse  and  fine 
aggregates,  and  in  mixing  them  in  the  necessary  proportions  to  secure  maximum 
densit\^  or  minimum  voids. 

Regulation  T04  provides  that  gravel  is  to  be  separated  into  fine  and  coarse  aggre- 
gates before  proportioning. 

Regulation  105  states  that  the  fine  aggregate  must  consist  of  sand,  gravel  screen- 
ings, or  crushed  stone,  graded  from  fine  to  coarse,  and  passing  dry  a  screen  having 
J  in.  apertures.  Preferablv  the  sand  should  be  composed  of  hard  sihceous  grains, 
but  it  must  be  free  from  clay  or  anv  animal,  vegetable,  alkaline,  or  bituminous 
matter.  No  more  than  30  per  cent,  should  pass  a  sieve  having  2,500  meshes  per 
sq.  in. 

For  the  purpose  of  regulations  this  clause  is  somewhat  indefinite,  and  the  actual 
wording  of  the  recommendations  of  the  Special  Committee  appears  to  have  been  liter- 
ally followed.     "  Preferably  "  and  "  should  pass  "  are  neither  definite  nor  binding. 

Regulation  106  provides  for  tests  of  anj^  sand  or  fine  aggregate  being  made 
on  3  to  I  mixtures  compared  with  similar  mixtures  of  standard  sand  (Emu  Plains 
sand)  passing  a  sieve  having  400  meshes  per  sq.  in.,  and  retained  on  a  sieve  having 
900  meshes  to  the  sq.  in.  If  the  strength  of  the  mortar  of  the  sand  to  be  used  falls 
below  85  per  cent,  of  the  strength  of  the  mortar  made  with  standard  sand,  more  cement 
must  be  added  in  order  to  secure  the  desired  strength. 

Regulation  107  states  that  the  coarse  aggregate  must  consist  of  gravel  or  crushed 
stone  retained  on  a  screen  of  \  in.  mesh  and  graded  from  the  smallest  to  the  largest 
particles.  The  stone  is  to  be  gravel,  blue  metal,  sandstone  or  other  stone,  hard, 
clean,  and  durable,  free  from  clay,  animal,  vegetable,  bituminous,  or  other  deleterious 
substances.  All  dust,  soft,  flat,  or  elongated  particles  are  to  be  excluded.  The 
largest  particles  to  be  used  are  not  to  be  greater  than  that  which  mil  form  a  homo- 
geneous concrete  of  sluggish  consistency  that  will  pass  through  and  completely  surround 
the  reinforcing  bars,  and  fill  all  parts  of  the  form. 

Vitrified,  boiler,  furnace,  or  destructor  clinker  must  be  composed  of  hard,  clean, 
vitreous  clinker  free  from  sulphides,  unburnt  carbonaceous  matter  or  ashes.  Concrete 
made  from  this  material  may  be  used  for  constructing  floor  slabs  not  exceeding  12  ft. 
span,  and  for  partitions,  but  is  not  to  be  used  for  any  other  work  without  the  permission 
of  the  City  Building  Surveyor. 

The  lower  screening  limit  of  }  in.  would  exclude  dust  or  ashes  without  need  for  a 
further  definite  ruling. 
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The  upper  limit  of  size  is  somewhat  vague,  and  it  is  not  clear  how  the  size  of 
the  coarse  aggregate  is  to  be  gauged  bv  the  consistency  of  the  finished  concrete.  The 
elimination  of  the  soft,  flat,  or  elongated  particles  would  be  a  difficult  matter  and 
necessitate  hand  sorting. 

This  regulation  seems  to  have  rather  slavishly  followed  the  recommendations  of 
the  American  Society  of  Civil  Engineers,  but  to  have  somehow  omitted  to  use  the  last 
portion  of  the  paragraph  in  the  American  Society  of  Civil  Engineers'  recommendations 
dealing  with  the  maximum  size  for  the  coarse  aggregate,  which  reads  as  follows  : 

"  The  maximinn  size  of  particles  is  variously  determined  for  different  types  of 
construction,  from,  that  which  will  pass  a  |  in.  ring  to  that  which  will  pass  a  i  J  in.  ring." 

For  reinforced  concrete  it  is  generally  agreed  that  the  maximum  size  should 
pass  a  I  in.  ring  or  square  mesli. 

The  American  Society  of  Civil  Engineers'  recommendations  either  state  that 
the  screen  used  must  have  circular  holes  or  that  the  material  should  pass  a  ring. 
The  Sydney  regulations  merely  state  the  size  of  the  mesh  without  defining  it  as  circular 
or  square. 

Regulation  108  states  that  the  water  used  shall  be  free  from  oil,  acid,  alkali,  or 
organic  matter. 

Regulation  109  states  that  the  steel  must  conform  generally  with  the  British 
standard  specification  for  structural  steel  used  in  girders  and  bridges,  that  it  must 
be  made  by  the  open-hearth  process,  and  have  a  tensile  strength  of  55,000  lb.  to 
65,000  lb.  per  sq.  in.,  a  yield  point  equal  to  one-half  the  tensile  strength,  and  an 
elongation  measured  on  a  length  of  8  in.,  equal  in  per  cent,  to  1,500,000  divided  by 
the  tensile  strength,  and  further  that  the  steel  must  bend  cold  through  180°  without 
signs  of  fracture  round  a  pin  of  a  diameter  equal  and  twice  the  thickness  of  the  bar. 

The  detailed  requirements  vary  considerably  from  the  British  standard  speci- 
fication, and  it  is,  therefore,  difficult  to  see  why  this  specification  is  mentioned. 

The  British  specification  gives  for  the  tensile  strength  (12,720  lb.  to  73,920  lb. 
per  sq.  in.,  the  viekl  point  not  being  defined. 

The  elongation  given  in  the  Sydney  regulations  is  that  adopted  by  the  special 
Committee  on  Reinforced  Concrete  of  the  American  Societv  of  Civil  Engineers,  as  is 
also  the  bending  test.  The  bending  test  of  the  British  specification  is  to  an  internal 
radius  not  greater  than  one  and  a  half  times  the  thickness  of  the  test  piece. 

The  stress  at  yield  point  required  under  the  Svdney  regulations  is  too  definite, 
and  should  be  not  less  than  one-half  the  tensile  strength  instead  of  being  absolutely 
fixed  at  half  the  tensile  strength. 

One-half  the  tensile  strength  is  a  vcrv  low  limit  for  the  yield  point.  The  American 
specification  permits  a  limit  not  less  than  60  per  cent,  of  the  tensile  strength. 

Regulation  no  allows  special  steels,  which  show  superior  physical  properties 
to  be  used,  wth  the  permission  of  the  City  Building  Surveyor,  and  a  higher  stress  to 
be  allowed  in  proportion  to  the  higher  yield  point  developed,  but  not  exceeding 
18,000  lb.  per  sq.  in.  Provided  that  in  all  such  cases  the  bond  stresses  do  not  exceed 
those  specified  under  Regulation  80. 

The  maximum  permissible  stress  might  reasonably  be  increased  to  20,000  lb. 
per  sq.  in. 

RegTilation  in  allows  steel  wire,  expanded  metal,  or  other  reticulated  steel  to 
be  used  for  slabs,  small  beams,  minor  details,  or  for  reinforcing  against  shrinkage 
and  temperature  stresses,  with  unit  stresses  determined  after  testing  the  various 
materials. 

Regulation  112  provides  that  the  reinforcement  must  be  free  from  flaking,  rust, 
scale,  or  coatings  of  any  character,  which  tend  to  reduce  oi-  destroy  the  bond. 
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Regulation  113  states  that  1:2:4  concrete  shall  generally  be  used,  but  for 
columns  a  richer  mixture  is  preferable. 

Regulation  114  provides  that  the  City  Building  Surveyor  shall  have  the  right  to 
select  samples  of  the  steel  or  concrete  for  testing  at  any  time  during  the  progress  of 
the  work. 

Regulations  121  to  132  inclusive  deal  with  the  mixing  of  the  concrete  and  the 
placing  of  the  concrete  and  reinforcements. 

The  concrete  is  to  be  mixed  in  exact  proportions,  and  until  it  is  homogeneous 
and  of  uniform  colour. 

Generally  an  approved  mixing  machine  is  to  be  employed,  and  when  hand-mLxing 
is  adopted  the  ingredients  are  to  be  turned  at  least  six  times,  or  until  the  mass  is  homo- 
geneous in  appearance  and  colour,  on  a  water-tight  platform. 

The  consistency  is  to  be  such  that  the  concrete  \\all  flow  sluggishly  into  the  forms 
and  surround  the  reinforcements,  and  to  be  in  such  a  condition  that  the  concrete  can 
be  conveyed  from  the  mixer  to  the  forms  without  any  separation  of  the  coarse  aggre- 
gates from  the  mortar. 

No  remixing  of  concrete  which  has  partially  set  is  permitted. 

The  concrete  is  to  be  conveyed  to  the  forms  as  rapidly  as  possible,  and  to  be 
thoroughly  compacted,  care  being  taken  to  prevent  the  formation  of  laitance,  and 
laitence,  if  formed,  is  to  be  removed. 

The  reinforcement  must  be  placed  in  its  proper  position,  and  held  in  place  until 
the  concrete  has  been  deposited. 

When  the  deposit  of  concrete  is  suspended  all  necessary  grooves  are  to  be  made 
before  the  concrete  has  set,  and  when  the  work  is  resumed  the  surface  of  the  old 
concrete  is  to  be  roughened,  cleansed,  thoroughly  wetted,  and  then  slushed  with  a 
mixture  of  one  part  of  cement  to  one  part  of  sand. 

All  concrete  exposed  to  premature  drying  must  be  covered  with  sacking  and 
kept  wet  for  a  period  of  at  least  seven  days.  Where  concrete  is  conveyed  by  a  chute 
it  must  How  in  a  continuous  stream,  and  the  chute  must  have  an  angle  of  about  one 
vertical  to  two  horizontal. 

The  work  is  to  be  so  organised  that  the  beams  and  slab  are  poured  in  one  opera- 
tion, and  the  concreting  of  any  member  must  be  carried  out  as  continuously  as  possible. 

The  forms  are  to  be  cleaned  and  thoroughly  wetted  before  concreting  is  com- 
menced. 

When  a  cessation  of  work  is  unavoidable  the  break  is  to  be  made  \\ith  a  \-ertical 
plane  at  the  centre  of  the  span  of  beams  or  floors. 

No  joint  is  to  be  made  close  to  a  concentrated  load. 

When  tensile  reinforcements  are  spliced  the  length  of  lap  is  to  be  determined 
on  the  basis  of  the  safe  bond  stress,  the  stress  in  the  bar  and  the  shearing  resistance 
of  the  concrete  at  the  splice. 

No  splices  are  allowed  at  points  of  maximum  tension.  In  columns,  bars,  more 
than  }  in.  diameter,  not  subject  to  tension,  are  to  have  their  ends  squared  and  butted 
together  in  suitable  sleeves  :  smaller  bars  are  to  be  lapped,  as  required  for  tensile 
reinforcements.  In  concrete  foundations  suitable  bearing  plates  must  be  provided 
for  supporting  the  bars  or  the  bars  must  be  carried  into  the  footing  and  designed  to 
transmit  the  stress  in  the  steel  to  the  concrete  by  means  of  the  bearing  and  bond 
resistance. 

Regulations  174  to  177  inclusive  deal  with  piles. 

The  sale  sustaining  power  is  to  be  calculated  by  the  formula  : 
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when  an  ordinary  drop  hammer  is  used,  and  by  the  formula 

S  +  o-i 
when  the  piles  are  driven  by  a  quick-action  steam,  pneumatic,  or  similar  drop  hammer 
or  ram. 

P  =  safe  bearing  pressure  per  pile  in  tons. 
ir=w^eight  of  ram  in  tons. 
//  =  height  of  fall  of  ram  in  feet. 
5  =  penetration  in  inches  of  pile  under  the  last  blow. 
If  concrete  piles  are  cast  in  position  without  driving    the  safe  bearing  capacity 
is  to  be  calculated  by  the  preceding  formula   of  the  force  used  in  driving  the  casting 
mould  or  by  such  test  as  the  City  Building  Surveyor  may  decide,  provided  that  the 
factor  of  safet^^  is  not  less  than  that  for  driven  piles. 

The  words  "  of  the  force  used  in  "  must  mean   "  according  to  the  data  obtained 

when." 

Regulation  iS  i  states  that  columns  carrying  wind  stresses  must  be  firmly  anchored 
into  solid  rock  or  to  a  mass  of  concrete  whose  weight  is  at  least  one  and  a  half  times 
the  uplift. 

Regulations  182  and  183  deal  with  foundations  under  columns,  and  provide 
that,  if  they  are  not  symmetrical,  the  centre  line  of  the  column  must  be  within  the 
middle  third  of  the  foundation,  and  that  the  average  intensity  of  pressure  on  the  forma- 
tion must  not  exceed  one-third  of  the  safe  loads  allowed  for  the  bearing  capacity  of 
the  soil. 

If  the  centre  line  of  the  column  is  not  within  the  middle  third  of  the  foundation 
the  column  must  rest  on  a  reinforced  concrete  cantilever  or  raft  foundation,  having  a 
column  or  columns  at  the  inner  end,  the  foundation  being  designed  for  the  combined 
loads. 
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By  the  courtesy  of  the  Food  Production  Department,  'me  Are  able  to  reproduce  the  text  of 
the  pamphlet  which  the  department  has  issued  on  the  subject  of  silos  together  "with  the 
illustrations  given  on  p.  348  of  this  article.  We  have  added  some  comments  of  our  oivn  as 
an  introduction  to  the' pamphlet,  tuhich  appears  on  p.  346. — ED. 


It  is  very  important  that  no  possible  method  of  increasing  the  food  supph'  for 
cattle  should  be  neglected  at  the  present  time,  and  it  is  satisfactory  to  know  thai 
the  authorities  have  taken  up  the  matter  and  evolved  a  scheme  which  wiW 
undoubtedlv  commend  itself  to  all  agriculturists. 

This  scheme  deals  with  the  erection  of  silos,  and  drawings  and  specifications 
have  been  drawn  up  for  the  use  of  farmers  and  landowners  which  -will  enable 
them  to  get  the  work  executed  in  accordance  with  good  practice.  It  has  been 
recognised  for  some  time  that  the  preser\dng  of  green  fodder  for  winter  feeding 
could  advantageously  be  extended  to  all  farms  having  a  herd  of  about  twelve  or 
more  cows,  and  some  of  the  more  progressive  farmers  have  erected  silos  of  various 
kinds,  but  they  have  not  always  been  properly  advised,  and  the  results  have, 
therefore,  not  been  quite  so  satisfactory  as  they  should  have  been.  Of  the 
various  materials  which  have  been  used  in  the  construction  of  silos  experience 
shows  that  reinforced  concrete  is  by  far  the  best,  and  this  is  not  surprising  when 
it  is  realised  that  the  structure  to  be  ideal  should  possess  the  qualifications  of 
being  water  and  air  tight,  waterproof,  ratproof,  fire-resisting,  and  permanent. 

It  will  be  clear  that  timber,  even  if  available,  is  not  a  satisfactory  material, 
and  yet  it  has  been  adopted  by  inexperienced  persons  in  the  past  with  often 
disastrous  results. 

A  large  number  of  silos  have  been,  and  will  be,  erected  by  the  landowner 
with  his  own  labour,  and  hence  it  is  absolutely  essential  that  any  official  instruc- 
tions and  information  which  are  issued  shall  be  perfectly  clear  and  simple.  The 
pamphlet  and  drawings  which  are  reproduced  with  these  notes  are  intended 
to  assist  the  landowner  in  his  dealings  with  a  contractor  rather  than  in  the  event 
of  his  executing  the  work  himself,  and  thus  the  needs  of  the  case  are  only  partially 
met. 

It  is  certainly  advisable  to  encourage  the  erection  of  the  silos  by  competent 
contractors,  and,  further,  the  Department  deahng  with  Food  Production  are 
prepared  to  give  expert  advice  in  all  cases  where  construction  of  a  silo  is  con- 
templated, and  forms  and  centering  will  be  lent  at  a  moderate  charge,  so  that 
every  inducement  is  put  forward  to  make  farmers  proceed  with  a  silage  scheme. 

With  reference  to  the  t3'pe  of  silo  which  has  been  adopted  as  a  standard  the 
proportion  of  height  to  diameter  is  2  to  i,  and  this  is  the  least  that  should  be 
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employed.  It  is  generally  preferable  to  make  the  height  two  and  a  half  times 
the  diameter,  and  such  a  proportion  will  prove  economical  in  construction,  and 
in  feeding  the  cattle  it  is  essential  that  a  complete  layer  of  silage  be  removed  every 
day,  this  being,  say,  about  2  in.  thick,  and  where  a  large  diameter  is  employed  this 
is  not  always  possible.  The  increase  in  pressure  due  to  the  increase  in  height  is 
not  very  large,  as  the  side  pressure  from  the  silage  is  only  about  11  lb.  per  sq.  ft. 
for  every  foot  of  depth,  and  the  resistance  of  the  main  or  horizontal  rods  is 
obviously  increased  as  the  diameter  is  reduced. 

In  many  silos  the  floor  level  is  kept  down  below  the  ground  level  for  a  distance 
which  should  not  exceed  4  ft.,  and  this  has  some  advantages  from  a  constructional 
point  of  view.  In  the  case  of  a  clay  soil  the  foundations  should  be  taken  down 
below  the  level  of  atmospheric  influence,  and  where  the  floor  is  kept  at  ground 
level  this  represents  so  much  expense  without  any  increase  in  the  capacity,  and 
thus  it  is  disadvantageous.  With  a  floor  level  about  4  ft.  below  the  ground  level 
there  is  additional  resistance  to  wind  pressure  in  exposed  situations,  and  the 
total  height  of  the  lift  when  filling  the  silo  is  also  somewhat  reduced. 

The  great  advantage,  however,  of  keeping  the  floor  at  about  the  ground  level 
is  that  drainage  from  the  bottom  is  facilitated,  and  it  is  this  factor,  no  doubt, 
which  influenced  the  design. 

It  would  be  preferable  also  to  have  some  reinforcement  in  the  concrete 
forming  the  floor  to  prevent  cracks  occurring  in  this,  and  by  connecting  the  floor 
and  wall  reinforcement  good  sound  construction  is  obtained  which  results  in  one 
monolithic  structure.  This  is  particularly  important  where  the  ground  is  poor 
or  uneven  in  resistance. 

It  is  highly  important  that  the  walls  of  the  silo  are  watertight,  not  only  to 
keep  out  any  water  from  the  outside  but  also  to  prevent  the  silage  juices  from 
escaping,  and  thus  it  is  not  advisable  to  use  concrete  walls  of  less  thickness  than 
6  in.  In  the  design  here  illustrated  (see  p.  348)  a  cement  rendering  f  in.  thick  is 
included  on  the  inside,  but,  generally  speaking,  if  the  concrete  is  good  it  will  be 
sufficient  if  the  walls  are  brushed  over  both  inside  and  out  with  a  wash  composed 
of  equal  parts  of  good  Portland  cement  and  sand  mixed  to  a  creamy  consistency. 

It  is  somewhat  surprising  to  find  that  thatch  is  suggested  as  one  of  the 
materials  that  can  be  used  for  the  roof,  considering  that  fire-resistance  and  per- 
manence are  essential.  With  the  use  of  thatch  the  difficulty  of  keeping  this  in 
order  will  tend  to  cause  neglect,  and  in  time  the  covering  will  become  defective  and 
the  silage  will  be  spoilt.  The  same  remarks  apply  in  a  lesser  degree  to  corrugated 
iron,  another  material  proposed.  The  most  suitable  method  in  the  case  of  a 
reinforced  concrete  silo  will  be  that  of  using  a  light  reinforced  concrete  roof,which 
can  be  easily  and  economically  formed  with  light  bars  or  barrel  at  the  hips,  with 
expanded  metal  or  similar  filling  in  the  panels.  This  can  be  attached  to  the  walls 
and  a  watertight  roof  constructed  which  wiU  require  no  maintenance. 

We  now  give  the  circular  issued  by  the  Food  Production  Department,together 
with  the  design  for  the  reinforced  concrete  silo  referred  to  in  the  circular  : 

TERMS   OF  THE   DEPARTMENT'S   OFFER. 

"  In  view  of  the  shortage  of  the  usual  feeding  stuffs  for  cattle,  the  Food  Pro- 
duction Department  is  satisfied  that  it  is  both  commercially  to  the  interest 
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of  farmers  and  nationally  important  that  the  use  of  silage,  on  up-to-date  lines, 
should  be  greatly  extended.  The  Department  is,  therefore,  prepared  to  help 
agriculturists  who  wish  to  build  silos  on  their  farms  in  the  following  ways  : 

(a)  By  giving  expert  ad\dce  in  all  cases  where  the  construction  of  a  silo  is 

contemplated. 

(b)  By  supplying  free  of  charge  full  working  drawings,  specifications,  and 

bills  of  quantities  for  two  sizes  of  silos  constructed  in  either  reinforced 
concrete  or  reinforced  brickwork,  in  cases  where  the  landowner  or 
farmer  wishes  to  make  his  own  arrangements  for  building  the  silo. 
(The  drawings,  etc.,  can  be  seen  at  the  office  of  the  County  Agricultural 
Executive  Committee,  and  obtained  from  the  Food  Production 
Department.) 

(c)  By  lending  at  a  moderate  charge  all  forms  and  centering  (moulds)  needed 

for  the  construction  of  one  of  the  above  standard  silos,  and  facilitating 
the  issue  of  permits  for  materials. 
{d)  By  contracting  with  the  landowner  or  farmer  for  the  complete  con- 
struction of  silos  at  a  fixed  price,  which  will  be  quoted  after  investi- 
gation of  local  conditions. 
{e)  By  assisting  anyone  who  wishes  to  construct  a  concrete  or  brick  silo  of 
some  approved  type,  but  of  a  size  or  design  other  than  one  of  the  standard 
types  mentioned  above,  to  obtain  priority  certificates  for  the  materials 
needed.     (Special  designs  cannot  be  provided  by  the  Department  in 
such  cases.) 
It  is  to  be  clearly  understood  that  while  the  Department  is  prepared  to  do 
all  that  it  can  to  help  farmers  in  this  matter,  nothing  stated  herein  or  upon  the 
drawings  or  other  particulars  supplied  by  the  Department  shall  be  construed  to 
imply  a  guarantee  of  any  of  the  matters  or  things  referred  to. 

THE    SILO. 

Two  sizes  of  silo  have  been  provided  for  : 

Size  100. — 15  ft.  diameter  by  30  ft.  high  ;  capacity  5,300  cu.  ft.,  or  nearly 
200  cu.  yd.  ;  holding,  say,  about  100  tons  of  silage.  Suitable  for  a  herd  of  about 
twenty-five  cows. 

Size  50. — 12  ft.  diameter  by  24  ft.  high  ;  capacity,  2,710  cu.  ft.,  or  about 
100  cu.  yd. ;  holding,  say,  about  50  tons  of  silage.  Suitable  for  a  herd  of  about 
twelve  cows. 

Each  size  can  be  constructed  either  in  reinforced  brickwork,  style  "  B,"  or 
in  reinforced  concrete,  style  "  C."  Thus,  for  reference  purposes  a  silo  built  in 
brick  15  ft.  diameter  by  30  ft.  high  would  be  described  as  a  "  100  B  "  silo,  and  one 
of  12  ft.  diameter  by  24  ft.  high  made  of  concrete  would  be  styled  a  "  50  C  "  silo. 

Each  silo  takes  the  form  of  a  hollow  round  tower  covered  with  a  wooden 
roof  in  which  ventilation  is  provided.  It  is  fitted  with  a  large  door  at  the  top 
through  which  it  is  filled.  There  are  also  a  number  of  smaller  doors  arranged 
one  above  the  other  up  the  side  of  the  silo  which  are  used  in  succession  as  the 
level  of  the  contained  silage  sinks,  for  its  delivery  when  required  for  feeding. 
Provision  is  made  for  suitable  drainage  and  for  steps  by  which  the  doors  can 
be  reached  from  the  ground.     These  silos  are  intended  to  be  filled  with  unchalYed 
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crops  by  means  of  the  ordinary  elevator  with  horse  gear  such  as  is  to  be  found 
on  many  farms.  There  is  nothing,  however,  in  their  construction  to  prevent 
farmers  from  adopting  the  American  system  of  chaffing  the  crop  and  blowing  it 
into  the  silo  if  they  prefer  this  method  of  filling,  and  have,  or  can  obtain,  the 
necessary  plant  consisting  of  engine,  chaff  cutter  and  bknver.  The  Department 
cannot,  however,  undertake  to  obtain  the  necessary  permits  for  either  the  manu- 
facture in  this  country,  or  shipment  from  abroad,  of  chaff  cutters  and  blowers 
for  this  purpose. 

COST   OF   THE    SILO. 

In  order  to  obtain  an  approximate  idea  of  the  cost  of  a  particular  silo  it 
may  be  assumed  that  in  situations  where  there  are  no  special  local  difhculties 
and  where  good  clean  sand  and  ballast  are  readily  obtainable,  a  concrete  silo  of 
Size  100  C  will  cost  at  the  present  time  roughly  £310,  and  one  of  Size  50C  roughly 
£210. 

Where  bricks  are  mere  easily  obtained  than  ballast,  "  B  Type  "  silos  will 
probably  be  preferred,  costing  roughly  £340  for  Size  looB,  and  £235  for  Size  50B. 
In  each  case  it  is  assumed  that  the  purchaser  will  himself  cart  the  materials  to 
the  site.  The  estimated  weights  for  each  type  are  as  foUows  :  100  B,  140  tons  ; 
lOoC,  102  tons  ;    50B,  95  tons  ;    50C,  70  tons. 

SITE    FOR   THE   SILO. 

To  save  labour  the  silos  should  be  built  close  to  the  cattle  sheds,  and,  if 
possible,  should  deliver  straight  into  them.  It  is  very  necessary  that  there 
should  be  a  good  road  and  ample  space  around  the  base  of  the  silo  on  the  side 
from  which  filling  operations  are  to  take  place. 

CROPS   FOR   THE    SILO. 

The  Technical  Division  of  the  Department  is  prepared  to  give  information 
as  to  the  choice  of  suitable  silage  crops  and  as  to  the  process  generally.  The 
following  is  a  list  of  crops  which  could  be  well  and  efficiently  preserved  for  cattle 
fodder  if  a  silo  were  erected  in  time  for  their  reception  this  year,  or  may  be  grown 
for  silage  in  1919. 

APPROXIMATE   ACREAGE   REQUIRED   TO    FILL   STANDARD   SILOS. 

Crops  for  Silage. 

Maize   ... 

Oats  and  Vetches 

Lucerne  (two  cuts)     ... 

Red  Clover  and  Ryegrass     ... 

Red  Clover 

Meadow  Grass 

Sainfoin 

ADVANTAGES   OF   SILAGE. 

1.  It  is  a  means  of  preserving  green  fodder  in  a  succulent  state  for  winter 
feeding; 

2.  It  is  independent  of  weather,  and  is,  therefore,  safer  than  haymaking  in 
wet  seasons. 

3.  On  heavy  clay  lands  or  on  light  soils  in  dry  districts,  where  roots  are 
precarious,  there  is  almost  a  certainty  of  obtaining  a  silage  crop. 
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4.  It  is  cheaper  than  root  growing  under  unfavourable  conditions. 

5.  If  the  silage  crop  is  sown  in  early  spring,  or,  preferably  in  autumn,  it  can 
be  got  off  in  time  for  turnips  or  rape  to  be  taken,  or  a  bastard  fallow  made. 

6.  The  usual  silage  mixture  of  oats  and  vetches  is  a  useful  cleaning  crop. 
Stubble  land,  therefore,  which  in  the  ordinary  course  would  be  bare-fallowed, 
may  safely  be  sown  with  oats  and  vetches  and  cleaning  completed  in  time  for 
autumn  corn  by  means  of  a  bastard  fallow. 

7.  Stock  fed  on  silage  made  from  leguminous  crops — i.e.,  clover,  lucerne, 
sainfoin,  and  vetches— will  require  less  oOcake  than  stock  fed  on  roots  ;  moreover, 
such  crops  tend  to  increase  the  fertility  of  the  land. 

8.  It  will  enable  poor  heavy  land  now  in  grass  to  be  brought  under  tillage, 
cleaned  and  improved. 

9.  The  labour  involved  in  feeding  silage  is  very  much  less  than  that  of 
feeding  roots. 

10.  It  will  be  seen  by  a  reference  to  Leaflet  No.  9  (to  be  obtained  from  the 
Board  of  Agriculture  and  Fisheries,  3,  St.  James's  Square,  S.W.),  which  deals 
with  ensilage,  that  in  cases  where  a  farmer  finds  himself  short  of  the  usual  silage 
crops  the  silo  may  be  filled  up  wdth  coarse  grass,  hop  bines  (directly  the  hops  are 
picked),  and  even  nettles  and  weeds.  Materials  which  otherwise  stock  would 
reject  may  be  made  into  edible  sUage." 
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CONCRETE  RESERVOIRS 

AS     SUBSTITUTES     FOR 

STEEL      OIL      STORAGE 

TANKS. 


By  the  courtesy  of  ihe  Concrete  Oil  Storage  Co.,  of  Tulsa,  Oklahoma,  %L>e  are  able  'to 
publish  the  folloiving  interesting  photographs  of  a  large  concrete  reservoir  of  oil  storage 
in  America.     Our  particulars  are  taken  from  the  "  Oil  Trade  Journal.  " — ED. 


The  suitability  of  concrete  for  oil  reservoirs  is  a  question  that  has  been 
much  discussed,  and  reservoirs  and  tanks  for  oil  storage  have  from  time 
to  time  been  built  with  satisfactory  results  in  the  United  States  and,  we 
believe,  on  the  Continent. 

The  ever-increasing  price  of  steel  plate,  however,  has  caused  those 
concerned  in  the  storage  of  oil  in  the  United  States  to  give  special  attention 
to  the  use  of  reinforced  concrete  reservoirs  for  oil  storage  on  a  large  scale. 
According  to  the  journal  from  which  we  quote  the  following  particulars, 
steel  tankage  in  August,  1917,  was  costing  more  than  60  c.  per  barrel,  whilst 
the  large  55,000  bbl.  tanks  were,  approximately,  worth  $35,000. 

The  Trapshooters-Eureka  lease  in  Towanda  township,  Kansas,  now 
has  100,000  bbls.  of  concrete  storage  in  course  of  construction,  and  other 
concerns  have  been  getting  estimates. 

The  Concrete  Oil  Storage  Co.  of  Tulsa  has  just  completed  for  Messrs. 
Cosden  &  Co.  a  165,000-bbl.  reinforced  concrete  tank  at  the  Cosden  refinery. 
M.  J.  Munn,  head  of  the  Gypsy  Oil  Company's  geological  department,  is 
the  inventor  of  this  type  of  underground  concrete  tank.  The  entire 
reservoir,  including  roof,  is  of  reinforced  concrete  construction.  The 
company  claims  that  under  its  patented  system  it  is  impossible  for  seepage 
to  occur.  The  tank  being  underground,  the  roof  will  be  covered  by  a 
body  of  water  which  will  be  retained  there  by  an  earthen  embankment 
all  around  the  top.  Nothing  will  be  visible  above  ground  except  a  pond 
of  water.  Excavation  has  been  made  at  the  Cosden  plant  for  a  500,000- 
bbl.  tank  of  the  same  design. 

In  regard  to  the  advantages  of  this  type  of  storage  tank,  one  of  the 
company's  officials  says  : 

"  Gas  vents  are  arranged  by  means  of  insulated  pipes,  which  come 
up  from  the  tank  through  the  water  ;  these  pipes  then  bend  back  into  the 
water.  Waterlet  valves  are  arranged  in  the  pipes  to  control  the  escaping 
gas.     The  gas  escapes  into  the  water,  and  then  bubbles  off.     Manholes 
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are  arranged  in  the  roof  for  entering  the  tank.     These  are  entirely  sub- 
merged when  not  in  use. 


^  < 


"  The  patents  cover  all  forms  of  submerged  or  underground  concrete 
oil  storage.  Utilisation  of  natural  resources  is  also  covered  by  the  system 
— VIZ.,  use  is  made  of  valleys  or  small  streams  by  placing  these  concrete 
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oil  reservoirs  across  the  stream  in  such  a  way  as  to  utiUse  the  rain  water 
caught  by  an  upper  dam  to  submerge  the  tank. 

"  The  body  of  water  covering  this  tank  is  an  insulation  against  fire 
and  lightning,  and  being  an  absolute  protection  the  insurance  question  is 
entirely  eliminated,  and  on  this  basis  alone  the  tank  pays  for  itself  within 
five  or  six  years.  This  body  of  water,  together  with  the  fact  that  the 
tank  is  underground,  m.akes  a  cool  receptacle  for  the  oil  and  reduces  to  a 
minimum  the  losses  through  evaporation.  The  resistance  of  the  waterlet 
valve  to  the  escaping  gas  also  retards  evaporation. 

"  These  tanks  require  no  upkeep  cost,  will  not  deteriorate  with  age, 
and  do  not  require  painting.  Economy  in  space  is  also  a  factor  worth 
considering." 

A  number  of  large  conciete  oil  storage  tanks  are  in  use  in  California 
and  Mexico. 
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CONCRETE 
SIMPLIFIED, 


By  THOMAS  POTTER. 
A  Practical  Guide  to  the  General  Use  of  Concrete. 

(Concluded). 


XII. 

CONCRETE   ON   THE  FARM. 

WALLS    AXD    FOUNDATIONS. 

Monolithic  concrete  is  best  adapted  for  walls  of  farm  buildings  owing  to  the 
lay-out  being  usually  free  from  any  irregularities,  while  comparatively  few 
doors  and  windows  are  required,  and  strength  is  the  main  object.  Blocks  and 
slabs  do  not  afford  the  same  resistance  to  rough  usage. 

For  one-storey  buildings  and  farmyard  and  enclosure  walls  7  in.  in  thick- 
ness is  ample,  and  9  in.  for  two  stories,  and  for  partitions  or  divisions  6  in., 
the  proportion  of  matrioe  and  aggregate  being  i — 8.  Raft  foundations,  where 
the  nature  of  the  ground  is  suitable,  are  most  economical,  owing  to  the  con- 
siderable area  which  farm  buildings  usually  cover,  and  they  serve  for  floors 
or  as  a  base  for  the  paving.  All  walls  should  be  reinforced  with  two  rows 
of  J-in.  rods  i  in.  from  either  face  and  each  18  in.  in  height,  to  resist  tempera- 
ture changes. 

Oak  guard  posts  should  be  fixed  against  the  corners  of  all  concrete  build- 
ings, and  where  rainwater  pif>es  are  required  it  is  an  advantage  to  leave 
recesses  in  the  walls  by  means  of  a  wood  core  inserted  in  the  concrete,  and 
afterwards  withdrawn,  of  sufficient  size  to  permit  the  pipes  to  be  fixed  therein 
for  protection  against  cart  wheels  and  other  possible  sources  of  damage. 

PAVING  AND  FLOORS. 

Pavings  and  floors  may  be  of  various  kinds,  but  each  should  have  a  bottom- 
ing of  rough  core  5  or  6  in.  in  thickness.  If  the  soil  is  loose  it  should  be 
removed,  coarser  rough  material  taking  its  place  and  both  being  rammed  or 
rolled. 

ROOT-HOUSES    AND    CATTLE   FOOD   STORES. 

For  buildings  not  subject  to  very  much  wear  and  not  used  for  cattle,  such 
as  root-houses,  stores  for  cattle  food,  etc.,  cement  concrete,  x — 6,  and  4  to  5  in. 
in  thickness,   should    be  employed,   the  aggregate     being     boiler   ashes,  brick 
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debris,  slag,  or  some  similar  material,  the  larg^est  J-in.  mesh  down  to  coarse 
sand  size  and  well  tamped  or  g^ently  beaten  with  a  beater,  as  described  in 
Chapter  IX.  The  following"  day  it  should  be  grouted  with  cement  and  coarse 
brick,  ashes,  or  slag-  sand,  half  of  each,  and  well  worked  in  with  a  bass  broom. 
Floors  of  this  description  become  very  hard   and  withstand   long  wear. 

COW-HOUSE  AND    PIGGERY   FLOORS. 

For  cow-houses,  pig^g'eries,  and  similar  places  the  concrete  should  be  i — 6 
or  7,  3  or  4  in.  in  thickness,  and  faced  with  cement  and  a  similar  kind  of  sand 
to  that  described  for  root-house  floors,  i — 3,  f  in.  or  i  in.  in  thickness,  and 
finished  with  a  wood  hand  float,  not  a  steel  trowel.  If  considered  necessary 
to  prevent  any  possible  slipperiness,  a  revolving  brass  tool,  made  for  the 
purpose  can  be  purchased  which  has  numerous  projecting  nibs  on  its  surface, 
and  when  the  cement  mortar  has  nearly  attained  hardness  it  is  rolled  there\\ith, 
and  this  produces  indents  insufficient  in  depth  to  get  clogged  with  di.ng,  but 
which  get  cleaned   out  each  time   a   floor  washing   takes   place. 

PATHS    AND     FOOTWAYS. 

Garden,  cxjttage,  and  farmyard  paths  and  village  footways  can  be  econo- 
mically formed  in  a  similar  manner,  and.  although  they  wear  in  course  of  time 
and  the  indentations  begin  to  disappear,  slipperiness  does  not  result  unless 
the  surface  is  coated  with  slime  and  filth.  W'here  paths  and  footways 
are  of  considerable  length  they  should  have  at  every  10  or  12  ft.  strips  of  wood 
J  in.  in  thickness  or  less  and  the  depth  of  the  concrete  in  width,  or  pieces  of 
hard  felt  inserted  to  break  the  concrete  up  into  sections  to  prevent  cracks  from 
temperature  changes,  which  then  only  occur,  if  any,  where  the  sections  join. 
These  temperature  strips  can  be  left  to  take  care  of  themselves,  and  when 
they  decay  the  concrete  is  unaifected  thereby  and  the  joints  then  resemble 
those  seen  between  ordinary  stone  paving.  If  a  kerb  is  required  it  can  be 
formed  in  situ  or  cast  in  the  same  way  as  lintels,  to  any  required  length. 

River  and  pit  gravel,  beach  or  shingle  should  not  be  used  for  floors,  foot- 
ways, or  paving  unless  faced  as  described,  as,  although  the  aggregate  a\  ill 
not  wear  by  attrition,  the  cement  does  to  some  extent  in  cours-.i  of  time,  and 
a  rough  pimply  surface  is  the  result,   the  interstices  becoming  filled  with  dirt. 

STABLE     PAVING. 

Stables  require  a  different  description  of  paving  from  other  stock  buildings, 
owning  to  the  pounding  effects  of  horses'  iron  shoes.  The  finish  on  the  concrete 
is  usually  cement  and  granite  chips  or  sand,  i — 3,  and  about  2  in.  in  thick- 
ness, but  frequently  less.  To  prevent  slipperiness  it  must  be  channelled  of  a 
V-shape,  similar  to  blue  brick  stable  paviors.  This  is  performed  by  lining 
out  the  surface  before  the  cement  has  set,  in  small  squares,  a  workman  then 
hammers  a  piece  of  hard  wood  about  4  ft.  in  length,  having  a  bevelled  edge 
corresponding  with  the  \'  joint,  in  the  cement  mortar  until  the  correct  shape 
is  attained.  This  is  a  primitive  arrangement,  and  another  plan  is  to  cut  out 
the  cement  to  form  the  channels.  The  former  has  the  advantage  that,  owing 
to  repeated  hammering,  the  cement  acquires  density  and  hardness  where  most 
required.      This   description    of    paving  is   obviously    expensive,    but   at  normal 
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prices  for  cement  no  more,  sometimes  less,  than  blue  Staffordshire  stable  paving". 
It  has  an  advantag"e  in  possessing  no  joints  for  urine  to  g'et  through,  and  is  used 
mostly  for  carriage  horse,  hunter,  and  cavalry  stables. 

COPIN'G. 

Fig.  lo  shows  a  simp'e  kind  of  coping  formed 
in  situ  adapted  for  farmyard  division,  enclosure, 
garden  and  other  walls.  Half-circle  thin  wood 
templates  are  fixed  on  the  walls  9  or  lo  ft.  apart, 
two  workmen  with  a  long  wood  rule  or  straight 
edge  apply  fine  concrete  between  the  templates, 
and  after  removing  the  latter  finish  it  with  cement 
and  sand,  i^ — 4,  with  a  steel  plastering  trowel. 
It  is  proof  against  all  kinds  of  weather  and  injury 
from  cattle  or  passing  vehicles. 


Concrete  wall- 


Wood  template 


Fig.  10. 
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HORSE    TROUGHS. 

Fig.  II  is  a  plan  and  section  of  a  cattle  drinking-  trough,  uhich  can  be 
of  any  size  required  and  either  built  in  situ  or  made  portable.  If  the  latter, 
weight  has  to  be  considered.  The  form  arrangement  should  consist  of  ledged 
boards  for  the  sides  and  ends  to  be  easily  removed,  similar  to  Fig.  6,  Chap- 
ter X.,  and  a  cradle  internal  form  of  a  suitable  size  and  shape  to  allow  for  the 
concrete.  The  cradle  should  have  top  and  bottom  rails  about  3  in.  deep  and 
2  in.  thick  to  sides  and  ends,  and  |-in.  narrow  boards  nailed  vertically  thereto, 
and  no  bottom.  \\'hen  the  concrete  bottom  has  been  levelled  the  outside  forms 
are  fixed  and  the  cradle  placed  in  position  and  stayed.  The  reinforcing  rods 
going  through  sides  and  ends  should  be  hooked  or  welded  together  at  the 
angles  and  embedded  in  the  concrete  as  the  latter  is  being  deposited  in  place, 
and  which  should  be  gently  tamped  or  punned  with  a  piece  of  wood.  The 
cradle  should  be  soaked  in  water  or  covered  with  wet  sawdust  for  twenty- 
four  hours  before  use  that  it  may  not  swell  when  in  place,  then  dried  and  a 
thin  coat  of  Leeds  grease  or  soft  soap  applied  to  keep  the  cement  from  adhering 
thereto.  In  two  days  the  cradle  can  be  withdraw^n,  the  outside  forms  re- 
leased and  the  outside  and  inside  of  the  trough  plastered  smooth  ^  in.  thick 
with  cement  jmd  granite  sand  1-^2.  The  concrete  should  be  i — 5,  the  sides 
and  ends  3I  in.  thick  at  the  bottom  and  2^  in.  at  top,  and  the  top  edges  rounded 
by  hand.  For  smaller  portable  troughs  a  modification  of  the  forms,  cradle, 
etc.,  can  be  adopted.  Boiler  ashes  make  a  suitable  aggreg-ate,  being  lighter 
than  some  others.  The  angles  should  be  rounded  to  prevent  injury  to  cattle. 
Food  mixing  troughs  for  live  stock,  and  bins  for  dry  cattle  food,  etc.,  can  be 
made  in  a  similar  way  to  water  troughs,  and,  unlike  wood,  are  imperishable 
and  vermin  proof. 

CATTLE  MANGERS  AND  PIG  TROUGHS. 

Fig.  12  shows  concrete  bullock  and  cow  mangers  formed  in  situ  by  means 
of  a  ledged  wood  front  8  to  10  ft.  in  length,  rigidly  stayed,  and  a  wood  form 

^  

B 


or  mould  for  the  inside  fixed  at  the  right  height  in  any  convenient  way,  the 
concrete  being  then  filled  in  between  the  outer  and  inner  forms  and  well 
lamped.  When  a  length  is  finished  and  the  concrete  is  sufficiently  hard,  the 
forms  are  moved  on  and  refixed  for  another  length.  The  concrete  should  be 
I — 6    the  aggregate  graded  from  f-in.  mesh  to  coarse  sand  size,   the  rounded 
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top  edge  done  with  a  steel  trowel,  using-  a  fine  aggregate,  the  thickness  of 
the  front  on  the  top  edge  2  to  2^  in.  The  inside  and  outside  surfaces  should 
be  finished  with  cement,  and  ashes  or  similar  sand,  i — 3,  trowelled  smooth 
with  a  plasterer's  trowel.  CC  are  f-in.  reinforcing  rods  and  E  the  inner 
form. 

Where  cattk  ties  are  necessary  these  can  be  formed  by  means  of  p>osts 
about  4x3  in.  with  their  arrises  rounded,  fixed  in  the  ground  and  sliding  irons 
Avith  ring  attached  driven  therein  as  Fig.   13.     ^4  is  a  sliding  iron,  B  wood  cap 


*kC 


A 


Section 
&  Ekvdtion 
at   C 


fixed  to  the  posts,  D  wood  post,  E  form  mould.      Pig  troughs  can  be  made  in 
a  similar  way  or  cast  in  one  piece  to  be  movable. 

PIG  FOOD    SHOOTS. 

Piggery  walls  are  usually  about  4  ft.  in  height,  and  the  method  of  feeding 
pigs  is  either  by  lifting  the  food  over  the  walls  in  buckets  or  passing  it  through 
wood  shoots  in  the  walls,  either  method  resulting  in  waste.  Eig.  14  shows  a 
concrete  shoot  made  in  one  piece,  which  prevents  waste.  A  AC  are  |-in. 
remlorcmg  rods ;  B  the  top  of  the  shoot ;  D  curved  end  for  the  bucket  to  rest 
on.  The  mould  can  be  readily  made  by  any  intelligent  carpenter,  and  there 
is  no  difficulty  in  applying  the  concrete. 

RAINWATER  TANKS. 

Underground  tanks  for  rainwater  from  roofs  may  be  either  round,  square, 
or  oblong.  For  the  former  a  drum  divided  into  three  sections  is  necessary, 
but  an  oblong  is  the  best,  for  various  reasons,  and  the  simplest  to  construct. 
The  posts  should  be  about  7  in.  by  2\  in.,  fixed  4  or  5  ft.  apart,  and  well 
stayed  top  and  bottom.  A  few  boards  should  be  cut  in  between  the  posts  and 
fixed  thereto  to  carr)'  up  all  the  walls  at  the  same  time,  lifting  them  higher 
as  the  work  proceeds  until  the  top  is  reached,  when  the  woodwork  can  be 
released.  The  concrete  bottom  should  be  done  first  and  the  walls  built  thereon. 
It    is   advisable  to  divide   the  tank    by  a   cross  wall    into  two  equal  portions 
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to  enable  one  to  be  in  use  while  the  other  is  being-  cleaned  out  from  leaves, 
bird  dropping-s,  etc.,  that  find  their  way  through  the  drains. 

Ihe  top  or  cover  may  be  formed  with  rough  home  grown  i^-in.  boards 
bearing  about  i^  in.  on  the  walls,  and  upon  these  5  in.  of  concrete,  i — 6,  i  in. 
mesh  to  coarse  sand  size,  reinforced  with  |-in.  rods  9  in.  apart,  embedded  i  in. 
from  the  under  side,  and  with  similar  rods  crossing  them  at  right  angles,  the 
top  being  then  grouted  with  cement  and  sand,  i — 3,  and  6  in.  of  earth  spread 
over  or  turfed   to   prevent   the  effects  of   temperature   changes. 

The  inside  of  the  walls  should  be  cemented  with  cement  mortar,  1 — 3,  f  in. 
to  I  in.  in  thickness,  trowelled  smooth,  and  the  last  operation  2  or  3  in.  of 
concrete  added  to  the  bottom  concrete  and  cemented,  the  latter  having  probably 
got  damaged   somewhat  through  working  thereon   in  building  the  walls. 
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Elevation  ^f  Concrete.  Gate  po^i! 


Pun  of  above. 


Fig.   15. 


The  concrete  walls,  i — 6,  scarcely  ever  require  to  be  more  than  6  in.  in 
thickness   unless  the  ground   is  of  a  loose  or  expansive  character. 

The  loss  of  the  cx>ver  boards  is  more  than  compensated  for  by  the  saving 
in  labour  and  materials  in  forming  a  platform  with  supporting  posts  internally, 
but  it  is  a  question  of  comparative  cost. 

An  iron  manhole  and  cover  should  be  let  in  the  top  for  access,  and  a 
3-in.  or  4-in.  cast-iron  pipe,  6  ft.  in  length,  with  a  fine  galvanised  iron  wire  top 
for  ventilation. 


Fence    posts 
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l^v^gy.f^^'-R^].^^  CONCRETE  SIMPLIFIED. 

and  length.  A  usual  size  is  5  in.  by  4  in.  at  bottom  and  3^  in.  by  4  in.  at  top, 
and  the  aggreg"ate  crushed  brickyard  debris,  boiler  ashes,  or  any  of  the  aggre- 
gates described  in  Chapter  I.,  except  clinker  and  chalk.  If  intended  for  fixing 
wire  thereto  and  the  aggregate  is  either  of  the  two  first  named,  it  can  be 
attached  by  means  of  wire  staples,  or  if  the  concrete  is  too  bard  holes  can  be 
drilled  therein  a  part  of  the  way  with  a  brace  and  a  Morse  drill.  If  splayed 
tops  are  required  an  angular  loose  piece  of  wood  should  be  put  in  the  moulds 
to  form   a  core. 

The  posts  can  be  cast  on  any  level  platform,  but  one  of  concrete  faced 
with  cement  is  best.  If  pallets  or  bottoms  are  used  the  posts  can  be  removed 
much  earlier.  The  mould  and  platform  or  pallets  should  have  a  brush  over 
with  Leeds  grease  each  time  they  are  used,  and  when  removed  the  posts 
stacked  with  an  air  space  between  in  the  open  air  or  under  cover,  but  protected 
from  the  sun's  rays.  When  taken  out  of  the  moulds  they  should  be  washed 
with  neat  cement  of  the  consistency  of  cream,  after  being  well  saturated  with 
water.  The  reinforcement  should  consist  of  four  j-in.  rods,  one  at  each  angle 
and  I  in.  therefrom.  If  rods  or  tubes  are  used  they  should  rest  on  slots  sunk 
in  the  face  of  the  posts  by  means  of  prints  of  wood  fixed  in  the  moulds  at  the 
time  of  casting,  a  simple  arrangement.  The  rods  are  attached  to  the  posts 
by  encircling  wire  ties.  To  cast  holes  in  the  posts  for  rods  to  pass  through  is 
a  troublesome  process,  and  the  fixing  as  well.  The  prof)ortion  of  materials 
should  be  i — 5  and  the  aggregate  graded  from  f-in.  to  coarse  sand  size. 

Gate  posts  are  made  in  a  similar  way,  but  usually  in  a  single  mould  on 
account  of  their  size  and  the  hooks  having  to  be  embedded  in  the  concrete. 
Ordinary  field  gate  posts  should  be  about  equal  in  size  to  or  somewhat  less 
than  is  usual  if  oak  is  employed. 

Gates  are  occasionally  required  to  open  either  way  or  back  to  the  line  of 
wall  or  fence,  to  allow  a  clear  opening  for  loaded  wagons  or  for  live  stock, 
which  often  gather  together  in  a  field  waiting  to  pass  througli.  If  the  gate 
opens  only  on  the  field  side  some  congestion  ensues.  Fig.  15  shows  a  gate 
post  which  allov.'S  the  gate  to  swing  either  way  and  back  to  the  line  of  fence. 
The  bottom  hinge  revolves  round  a  circular  iron  ring.  A,  made  of  2^-in.  by  ij-in. 
bar  iron,  and  the  top  hinge  round  a  f-in.  iron  rod  embedded  in  the  centre  of  the 
post. 

The  form  is  of  wood  in  two  halves,  held  together  temporarily  by  wire 
bonds  or  other  convenient  method.  The  concrete,  i — 5,  the  agg-'egi.te  f  in. 
to  coarse  sand  size,  is  poured  in  the  top  of  the  mould  in  situ  after  the  latter 
has  been  stayed  in  position.  The  mould  can  be  liberated  in  two  days  and  is 
available   for  any   number  of  posts. 

STALL    DIVISIONS. 

Concrete  stall  divisions  for  cow-houses,  stables,  and  similar  buildings  are 
a  great  improvement  on  wood  and  iron.  They  should  be  cast  in  one  piece 
and  from  2  to  3  in.  in  thickness,  according  to  the  purpose  they  are  required 
for.  Granite  chips  make  the  best  aggregate  on  account  of  the  rough  usage 
they  are  subject  to,  i — 5,  and  should  be  faced  quite  smooth  with  cement  and 
granite  sand,  i — i  or  i — 2. 
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No  heel  posts  or  top  rails  are  necessary,  but  the  ends  and  tops  should 
be  rounded,  and  finished  the  same  as  the  sides ;  jj-in.  iron  rods  shou'd  be  in- 
serted in  the  centre  of  the  concrete  6  in.  apart  in  height,  and  a  few  small  vertical 
rods  axe  a  useful  addition.  They  should  rest  on  concrete  about  6  in.  beneath 
the  paving-  and  concreted  on  either  side  6  to  9  in.  in  width. 

The  advantage  of  this  kind  of  division  is  that  there  is  nothing  to  rust 
or  rot,  no  lodgment  for  dust  and  dirt,  and  they  can  be  readily  kept  clean.  They 
can  be  purchased  of  manufacturers  ready   for  fixing. 

PONDS. 

Ponds  for  catching  rainwater  and  dew  ponds  are  common  on  the  Sussex 
and  Vx'iltshire  downs,  where  vv-ater  is  often  difficult  to  procure,  and  these  are 
often  made  with  puddled  clay,  which  is  subject  to  damage  by  live  stock  tread- 
ing it  in  holes  and  causing  leakage.  If  the  clay  is  re-puddled  and  when  dry 
a  layer  o^f  cement  concrete,  i — 6,  3  in.  in  thickness,  placed  thereon,  the  cattle 
can  do  no  damage.  A  layer  of  strong  wire  netting  embedded  in  the  concrete 
I  in.  from  the  top  will  often  prevent  temperature  cracks,  but  even  if  this  is 
not  employed  the  clay  puddle,  being  protected,  should  be  watertight. 

There  are  many  other  features  connected  with  a  farmstead  which  are  not 
difficult  to  execute  in  concrete,  such  as  foot  and  cattle  bridges  ever  narrow 
water-courses  in  low-lying  districts,  sluices  and  hatches  in  water  meadows, 
cesspools,  open  channel  gutters  for  water  or  sewage  carriers,  liquid  manure 
tanks,  cottage  pigsties,  and  repairs  to  worn  cottage  stone  door  sills  and 
steus,  all  of  which  can  be  dealt  with  by  local  labour  when  once  a  rudimentary 
knowledge  of  concrete  has  been  acquired,  better  than  can  be  described  in 
writing. 
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RECENT    BRITISH   PATENTS 
RELATING    TO    CONCRETE. 

We  propose  to  presenf  at  intervals  particulars  of  British  Patents  issued  in  connection 
•with  concrete  and  reinforced  concrete.  The  last  article  appeared  in  our  issue  of 
December,  1917.— ED. 


Reinforcement  for  Concrete  Ships.— A'o.  111,384.  Ejnar  J.  Mailer,  Voksen- 
kollen,  Christiania,  Norway.  Dated  January  17/17. — According  to  this  invention 
the  steel  skeleton  of  reinforced  concrete  ships  is  built  up  beforehand  in  the  form  of 
finished  girders  of  the  truss-type,  the  several  parts  of  each  girder  being  united  together 
so  that  a  complete  self-carr^'ing  girder  is  made  up  before  the  concrete  is  cast. 

A  series  of  vertical  struts  (i)  of  rolled  sections  or  pipes  are  built  up  with  top 
and  bottom  tie  bars  (2,  3),  diagonal  ties  (4),  proxdded  with  turn-buckles  (5),  being 
employed  to  complete  the  girder. 


Iriq:  Z. 


/  -O^- 


/J- 


A  truss  girder  system  of  this  t\-pe  is  used  between  the  two  outer  longitudina 
walls  (lo,  11)  of  the  ship,  and  also  within  the  middle  bulkhead  (12)  if  this  form  of  ship 
s  adopted. 

A  similar  arrangement,  b'lg.  3,  is  used  for  transverse  bulkheads  (13).  In  this 
figure  a  modified  construction  of  ship  is  shown  in  which  the  outer  walls  and  bottom  of 
the  ship  are  hollow,  the  construction  being  stiffened  by  means  of  metal  or  concrete 
stiffening  pieces  (6). 

Wire  cables  may  be  employed  in  place  of  tie-rods  ;  in  this  case  shoes  (7)  may  be 
attached  at  suitable  positions  to  improve  adhesion. 

Reinforced  Concrete  Ships. — No.  112,713.  N.  K.  Foiigner,  Toldbodgate  3,  Chris- 
tiania.   ynrwav.      Dated    May    1/17. — In    order  to   render   reinforced    concrete   ships 
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better  able  to  resist  the  action  of  sea  water,  the  hull  is  provided  with  a  protecting 
girdle  of  about  i  meter  depth  along  the  load  line. 

Immediately  after  casting  the  sides  of  the  hull  up  to  the  water  line  the  surface 
of  the  concrete  is  roughened  and  a  layer  of  the  protective  material  is  applied.  A 
mixture  of  Portland  cement  and  sand  with  iron  filings  added  has  proved  suitable 
for  the  purpose,  and  the  layer  may  be  about  one  centimetre  thick. 


Concrete  Reinforcement. — No.  110,570.  William  Mar- 
yiott,  The  Grange,  Brinton,  Melton  C  instable,  Norfolk. 
Dated  October  20/16. — This  invention  has  reference  to 
concrete  reinforcement  of  the  kind  in  which  longitudinal 
bars  are  connected  together  by  means  of  transverse 
members  welded  thereto  ;  it  consists  in  forming  the 
longitudinal  bars  of  trifurcated  or  Y  section.  The  three 
arms  of  these  bars  (a)  are  preferably  of  equal  length,  and  so 
designed  that  there  is  an  angle  of  approximately  ninety 
degrees  between  two  of  them.  Where  light  construction 
is  necessary,  these  longitudinal  bars  may  be  formed  by 
bending  sheet  metal  to  the  trifurcated  form. 

The  diagonal  bracing  members  (b)  are  preferably 
formed,  as  shown,  of  alternately  square  and  round  sections 
to  improve  the  key  to  the  concrete. 

The  invention  is  specially  applicable  to  reinforcements 
for  concrete  construction  of  plate  or  slab  form,  such  as 
name  plates  for  railwav  stations  and  tank  plates. 


Reinforced  Concrete  Ships. — No.  113,873.  N.  K.  Fougner,  Toldbodgate  3, 
Christiania,  Norway.  Dated  May  i/i'j. — This  invention  comprises  an  improved 
method  of  moulding  double  bottoms  of  reinforced  concrete  ships 

The  bottom  plate  (i)  is  moulded  in  the  ordinary  manner,  and  is  provided  with 
longitudinal  reinforcing  bars  (2  and  4)  and  transverse  bars  (5). 

The  casting  of  the  inner  bottom  (7)  and  bulkheads  (9)  which  determine  the 
hollow  spaces  (8)  is  effected  as  follows:  Perforated  iron  sheets  or  netting  (10)  are  bent 


to  suitable  shape,  and  are  rough  cast  on  the  under  side  with  a  suitable  plaster ;  these 
are  then  placed  in  position  and  vertical  reinforcements  (11)  are  then  placed  in  position, 
and  horizontal  reinforcements  (12)  are  connected  to  them  at  the  top. 

Top  transverse  and  longitudinal  reinforcement  (13,  14)  is  then  placed  in  position 
and  the  whole  inner  bottom  is  then  cast,  the  concrete  being  thickened  at  portions  (15) 
abutting  the  bulkheads. 
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Moulds  for  Concrete  Buildings.— A'o.  113,664.     George  P. 

Campbell,  The  Croft,  Hightown,  Lanes.  Dated  September 
3/17. — Moulds  for  concrete  buildings  constructed  in 
accordance  with  this  invention  consist  of  two  side  plates 
(a)  which  are  provided  with  lugs  (c)  ;  these  lugs  are 
carried  in  slots  in  cross-bars  (fe)  by  bolts  {d),  and  bolts 
{e)  carried  by  the  ends  of  the  plates  are  supported  in 
lower  cross-bars  (6'). 

For  forming  a  core,  as  in  cavit^^  walls,  plates  (/)  are 

provided,  and  are  similarly  supported  from  the  cross-bars. 

When  end  plates  are  required  they  are  fitted  over  the 

ends  of  the  mould  plates  («)  and  are  connected  to  them 

in  any  suitable  manner. 

The   mould   may  be   supported   in   position   and   rest 

upon   the   upper  surface   of   the   finished   course    {x)  next 

below  by  providing  feet  {h)  which  project  inwards  ;    the 

lower  portions  of  the  plates  [a]  project  down  some  distance  below  the  surface  of  the 

lower  course  {x) . 

Concrete  Roofs. — A'O.  112,898.  H.  Kempton  Dyson,  21  Great  Peter  Street,  West- 
minster, London,  S.W.i.  Dated  July  16/17.— This  invention,  which  is  particularly 
applicable  to  concrete  roofs  of  the  saw-tooth  type,  consists  in  placing  the  purUns 
on  the  outer  surface  of  the  roof  ;  the  inner  side  thus  presents  a  continuous  surface 
unbroken  by  beams  or  other  protuberances  running  between  the  rafters. 

The  purlin  beams  {b),  which  act  as  the  secondary  beams  for  the  slabs  (a),  are 
arranged  on  the  outer  surface  of  the  latter  as  shown,  and  distribute  their  loads  to 
the  rafter  beams  {c).  which  are  also  preferably  external. 


In  the  arrangement  shown  in  Fig.  2  the  purUns  (6)  consist  of  steel  beams,  and 
the  pre-cast  slabs  (a)  are  so  shaped  at  their  ends  that  they  are  earned  by  the  lower 
ilanges  of  the  beam  ;  whilst  in  the  form  shown  in  Fig.  2  hangers  (g)  are  supported 
from  the  flanges  of,' the  beam,  and  are  cast  into  the  slabs  which  are  cast  m  sitii. 
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Fig.  5  shows  the  invention  applied  to  a  reinforced  concrete  truss  in  which  the 
purUns  distribute  their  loads  through  reinforced  concrete  posts  (/)  to  beams  {e).  no 
rafters  being  emploj^ed. 


lUy.  i. 


Expanded  Reiniorcement .  —  A'o. 
114,059.  Arthur  Benham,  Benhilton, 
Wesibury  Road,  New  Maiden,  Surrey, 
and  Thomas  Freebairn- Smith,  88  Church 
Road,  H unwell,  Middlesex.  Dated  April 
18/17. — Expanded  reinforcement  for  con- 
crete structures  of  various  kinds  is 
formed  in  accordance  with  this  invention 
by  cutting  a  series  of  eight  parallel 
longitudinal  cuts  in  the  sheet  material, 
alternate  cuts  of  one  series  being  con- 
riected  by  inclined  cross-cuts  to  the 
adjacent  set.  The  slitted  sheet  is  then 
expanded  by  pressing  the  imcut  straight 
portions  thus  formed  into  two  or  more 
planes. 

The  strip  (a)  is  cut  in  any  suitable 
manner  to  provide  a  number  of  parallel 
slits  {b)  ;  each  pair  of  these  .slits  is  then 
connected  by  a  short  inchned  slit  (c)  ; 
the  slit  sheet  is  then  expanded  by 
pressing  to  form  horizontal  portions 
\d),  [e),  (/),  [g),  (h).  connected  by  diagonal 
or  tie  portions  (i). 


MEMORANDUM. 

A  Shock-Resisting  Concrete. — A  shock-resisting  concrete  has  been  patented  by 
Mr.  Lucien  Linden.  The  concrete  is  composed  of  (a)  100  parts  of  strong  cement, 
(fe)  5  parts  of  moss  or  turf,  well  dried  and  finely  cut  and  pulverised  ;  (c)  20  parts  of 
ore  rich  in  iron  in  fine  particles.  These  substances  are  formed  into  a  paste  by  mixing 
with  a  binding  liquid  consisting  of  five  kilograms  of  quicklime,  new  from  the  kiln 
and  broken  just  before  use,  and  tliree  kilograms  of  pulverised  sulphate  of  alumina 
worked  up  in  a  cubic  metre  of  clean  water.  This  binding  liquid  plays  an  important 
part  in  the  composition  and  amalgamation  of  the  paste.  An  alternative  mixture  is 
{a)  100  parts  of  strong  concrete,  (6)  20  parts  of  soft  wood  (fine  sawdust),  (c)  10  parts 
of  iron  ore,  the  whole  amalgamated  with  the  above  binding  liquid.  The  first  mixture 
is  said  to  be  suitable  for  the  construction  of  pipes  or  ships,  and  the  second  can  be  used 
without  any  metallic  truss  rods,  bars,  or  wires  for  obtaining  a  material  intended  for 
doors,  frames,  and  roofing.  Concrete  made  with  the  first  mixture  will,  it  is  claimed, 
withstand  expansions  and  contractions  with  such  efficiency  that  it  is  almost  unnecessary 
to  put  hoops  round  the  pipes  even  when  the  latter  are  liable  to  be  subjected  to  high 
pressure.  For  concrete  likely  to  be  exposed  to  humidity^  (in  foundations)  or  to  violent 
shocks  (in  fortifications)  it  may  be  advisable  to  add  grease  or  oil  to  the  cement  paste 
during  the  building.  For  the  complete  article  is  claimed  a  resiliency  that  will  resist 
the  disintegrating  action  or  vibration  of  violent  shocks,  but  its  success  has  yet  to  be 
proved  by  practical  experience. 
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It  is  our  intention  to  publish  the  Papers  dnd  Discussions  pt-esenied  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
in  such  a  manner  as  to  be  easily  a-vailable  for  reference  purposes.  —ED. 


THE  CONCRETE  INSTITUTE. 

THE  CHARTERHOUSE    STREET    COLD    STORES   OF 
THE   PORT  OF  LONDON  AUTHORITY. 

By  H.   J.    DEANE.   B.E.    (Sydney),  M.InslC.E.,    M  Inst.M.E. 

The  following  is  a  short  abstract  of  a  paper  recently  read  before  the  Concrete  Institute. 
By  the  courtesy  of  the  Concrete  Institute  we  are  able  to  reproduce  a  few  of  the  illustra- 
tions which  were  given  in  connection  with  the  paper.  A  short  report  oj  the  discussion 
is  also  given. 

INTRODUCTORY. 

Soon  after  the  Port  Authority  came  into  being  it  became  apparent  that  the  West 
Smithfield  Store  was  inadequate  for  the  requirements  of  the  trade  and  that  further 
faciUties  in  the  way  of  cold  storage  were  an  urgent  necessity. 

The  absence  of  a  more  suitable  site  ultimately  led  to  negotiations  being  concluded 
with  the  City  Corporation  for  the  lease  of  an  area  of  about  17,100  super  ft.  on  the  north 
side  of  Charterhouse  Street,  immediately  opposite  the  Central  Markets  and  situated 
over  the  railway  connecting  Farringdon  Street  and  Snow  HiU  Stations. 

The  site,  from  an  engineering  point  of  view,  is  probably  one  of  the  least  desirable 
that  could  be  conceived.  It  consists  of  a  raft  or  platform  constructed  of  built-up 
steel  girders  (varying  from  39^  in.  by  18  in.  to  40I  in.  by  24  in.  and  spaced  8  ft.  apart), 
with  brick  jack  arches  and  concrete  filling  between.  With  the  exception  of  those 
on  the  eastern  side,  which  are  carried  directly  on  to  stanchions,  the  cross-girdeis  are 
supported  on  three  rows  of  main  girders  of  varying  dimensions  which  are  in  turn 
supported  by  steel  stanchions  encased  in  concrete.  The  spacing  of  the  main  stanchions 
is  governed  by  the  position  of  the  permanent  way  of  the  three  railway  companies 
over  which  the  platform  has  been  constructed,  as  well  as  by  other  local  conditions. 

The  allowable  loading  of  the  platform  is  necessarily  limited  to  that  for  which  it 
was  designed,  and  the  terms  of  the  lease  prohibit  the  imposition  of  any  greater  loading 
than  the  8  cwts.  and  4  cwts.  per  ft.  super  over  the  areas  shown  in  Fig.  i.  These  limita- 
tions were  responsible  for  a  good  many  of  the  most  interesting  features  in  the  design 
of  the  building  which  now  stands  upon  that  area. 

Fig.  5  shows  a  section  through  the  cross-girders  of  the  platform,  and  the  lines 
of  the  main  girders  are  shown  in  Fig.  2  by  the  letters  A.C.,  D.K.,  L.R.  On  reference 
to  these  drawings,  it  will  be  obvious  that  all  concentrated  loads  had  to  be  arranged 
either  to  come  directlv  on  to  the  girders  or  be  transmitted  thereto  by  means  of 
distributing  girders  or  grids,  and  this  is  responsible  for  what  ^youkl  otherwise  appear 
to  be  an  unusual  arrangement  of  the  columns.  Under  such  conditions  the  designing 
of  a  building,  which  not  only  had  to  satisfy  these  limitations,  but  had  also  to  provide 
faciUties  for  loading  and  unloading,  sorting  to  marks,  office  accommodat  on,  handling 
appUances,  engine-room  space,  combined  with  the  largest  capacity  possible  for  the 
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storage  of  produce,  was  a  matter  which  required  ver^-   careful  consideration  and  a 
great  deal  of  calculation  before  the  final  arrangement  could  be  arrived  at. 

GENERAL    DESCRIPTION    OF    THE    COLD    STORE. 

The  building  generally  is  constructed  of  reinforced  concrete,  faced  on  the  Charter- 
house Street  side  with  granite  and  Portland  stone.  It  has  three  floors,  in  addition 
to  the  ground  floor,  the  cold  storage  chambers  being  situated  on  the  ground,  first  and 
second  floors,  whilst  the  top  floor  is  utilised  for  sorting  and  distributing  of  produce 
and  for  office  accommodation 
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FIG. I 


The  refrigerating  machinery  is  placed  at  the  back  of  the  building  on  the  ground 
floor  level  and  occupies  that  area  of  the  site  which  is  limited  to  a  loading  of  4  cwts. 
per  sq.  ft.  Access  to  the  Machinery  Room  is  given  by  means  of  a  passage  along  the 
east  side  of  the  building,  in  which  accommodation  is  also  found  for  the  storage  of  the 
a.mmonia  bottles.  The  roof  flat  over  the  Machinery'  Room  is  of  reinforced  concrete 
construction,  and  access  thereto  is  afforded  by  an  iron  staircase  through  a  hatchway 
leading  to  the  Ammonia  Condensers,  etc.  (see  Fig.  5). 

On  the  Charterhouse  Street  side  is  provided,  under  cover  of  the  first  floor,  a  cart 
area  and  loading  bank  (see  Fig.  2),  from  whence  communication  betAveen  this  and 
the  top  or  sorting  floor  is  obtained  by  means  of  lifts  and  conveyors.  This  cart  area 
is  laid  in  asphalte,  graded  so  as  to  be  readily  hosed  down.  There  is  ample  space 
for  ingress  and  egress  of  traffic  from  the  street,  the  gateways  being  fitted  with  collapsible 
"  BostA\ick  "  gates,  which,  when  open,  are  housed  behind  the  granite  columns.  It 
was  unfortunate  that  this  area  could  not  be  unobstructed  by  columns,  but  the  limita- 
tions of  loading  on  the  raft  made  it  necessary  to  put  in  columns  to  distribute  the 
^veight  /rom  the  floors  overhead  to  the  structure  underneath. 
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A  passenger  lift  is  provided  in  the  stair-well  for  the  convenience  of  those  having 
business  on  the  top  floor. 

The  top  floor,  in  the  main,  is  covered  by  a  north  light  roof  which  has  the  advantage 
of  affording  excellent  lighting  without  letting  in  the  direct  ravs  of  the  sun  and  thereby 
raising  the  temperature  of  the  sorting  floor. 


GROUND    FLOOR  PLAN. 


SCALE  Of  FEET. 


rerr  lo      s      O 


The  six  cold  chambers  are  arranged  so  that  in  normal  working,  access  thereto 
is  obtained  only  from  the  top  floor.  This  arrangement  has  great  advantages  in 
economy  in  running,  the  cold  heavy  air  being  always  retained  in  the  chambers,  whether 
produce  is  being  moved  in  or  out,  whereas  in  the  old  type  of  chamber  with  doors  or 
portholes  at  or  near  the  floor  level  the  cold  air  pours  out  and  warm  air  goes  in  to  take 
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its  place  whenever  the  doors  are  opened.  Another  advantage  is  that  sorting  to 
marks  can  take  place  on  one  floor  where  there  is  ample  space  and  good  lighting,  and 
under  proper  supervision.  The  offices  are  light  and  airy,  and  are  divided  from  each 
other  generally  by  glazed  partitions,  the  floors  being  laid  in  maple  blocks  so  as  to 
afford  a  non-conducting  medium  on  top  of  the  concrete  floor,  under  which  are  the 
cold  chambers.  Heating  of  the  offices  is  by  low  pressure  hot  water,  ga.s  heated.  A 
pneumatic  tube  for  transmission  of  "  deliverv'^  notes,"  etc.,  connects  the  main  offices 
with  the  small  deliver^'  office  on  the  ground  floor. 

It  should  be  mentioned  that  in  each  of  the  three  cold  chambers  there  is  a  door 
at  the  south-western  corner  which  can  be  used  in  case  of  emergency  ;  these  doors 
are  readily  opened  from  the  inside,  but  access  from  the  outside  can  only  be  obtained 
bv  means  of  a  key  which  is  kept  in  a  glass-faced  box  near  by. 

The  total  contents  of  the  chambers  are  approximately  386,900  cu.  ft.,  and  after 
making  due  allowance  for  the  dead  loads,  the  total  number  of  carcases  of  sheep, 
taken  at  an  average  of  56  lb.  per  carcase,  which  can  be  stored  is  78,000  (equivalent 
to  about  4.99  cu.  ft.  per  carcase  including  gangways). 

If  the  building  had  been  required  strictly  to  conform  to  the  regulations  made 
under  the  London  Building  Acts,  the  floors  would  have  had  to  be  designed  to  carr^-- 
"  warehouse  "  loads  of  224  lb.  per  sq.  ft.  This  would  have  so  greatly  reduced  the 
allowable  live  loading  that  the  storage  capacity  would  have  been  reduced  below  the 
point  at  which  the  Stores  could  be  made  to  pay.  As  it  is,  the  ultimate  capacity  of 
the  Store  is  some  6,000  carcases  less  than  was  originally  anticipated,  when  negotiations 
with  the  Corporation  were  first  entered  into. 

THE    CONSTRUCTION    OF   THE    BUILDING. 

Tenders  for  the  construction  of  the  building  were  received  towards  the  end  of 
July  1912  on  outline  designs,  specifications,  schedule  of  prices  and  approximate  bill 
of  quantities  prepared  by  the  Port  Authority. 

The  tenderers  were  free  to  submit  any  s^^stein  of  reinforcing  which  they  considered 
most  suitable  and,  under  the  contract,  were  to  be  held  responsible  for  the  sufficiency 
of  their  designs.  They  were  not  permitted  to  make  any  variation  from  the  positions 
of  the  columns  and  beams,  and  were  required  to  confonn  strictly  to  the  Umits  of  loading 
specified.  Owing,  however,  to  unforeseen  delays,  arising  mainly  out  of  the  difficulties 
in  settling  the  question  of  loading  and  storage  capacity,  it  was  not  possible  to  accept 
any  tender  until  jMay  of  the  following  year,  when  the  order  was  placed  with  Messrs. 
TroUope  &  Sons  and  Colls  &  Sons  on  designs  prepared  by  Dr.  Oscar  Faber. 

Prior  to  actually  commencing  work  on  the  construction  of  any  of  the  columns 
or  walls,  the  surface  of  the  raft  was  opened  up  in  order  to  ascertain  the  exact  positions 
of  the  main  and  cross-girders  on  which  the  concentrated  loads  were  to  be  placed. 

Owing  to  the  necessity  for  obstructing  as  little  as  possible  the  space  allowed  for 
the  cart  area,  it  was  decided  to  substitute,  in  place  of  reinforced  concrete,  nine  solid 
steel  columns  van,dng  from  6  in.  to  7  in.  diameter,  12  ft.  8  in.  long,  shod  top  and 
bottom  with  solid  steel  blocks  about  18  in.  square  by  4  in.  thick.  These  columns  were 
subsequently  protected  against  abrasion  damage  by  oak  casing,  bound  \\nth  steel 
hoops,  extending  5  ft.  above  the  ground  level.  On  the  loading  bank  the  columns 
were  encased  in  concrete,  which  was  protected  against  damage  by  steel  casing  extend- 
ing about  6  ft.  up. 

Reference  is  made  ia  the  earlier  part  of  the  Paper  to  the  Great  Northern 
Railway  Company's  claim  to  right  of  light  and  air.  The  position  of  its  premises, 
on  the  northern  side  of  the  site,  is  adjacent  to  the  west  end  of  the  Machinery  Room. 
The  platform  already  cut  off  a  certain  amount  of  light  from  the  windows,  and  by 
constructing  the  outside  wall  of  the  IVIachinery  Room  in  the  manner  shown  in 
Fig.  6  the  natural  lighting  was  not  entirely  obstructed.  The  sloping  wall  is 
proN-ided  with  a  large  glazed  area,  which  affords  a  considerable  amount  of  the 
natural  lighting  to  the  Machinery  Room  ;  further  lighting,  as  well  as  ventilation,  is 
provided  by  two  raised  skylights  fitted  with  louvres. 

Portions  of  the  second  and  third  floors  are  also  covered  with  flat  roofs,  but  the 
main  area  of  the  latter  is  covered  with  Bangor  slates  on  thick  roofing  felt  laid  on  i  in. 
boarding  and  supported  by  steel  trusses.     These  trusses  are  carried  on  reinforced 
concrete  construction  built  up  for  that  purpose  above  the  top  floor  level. 
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The  specification  required  the  contractor  to  provide  in  his  design  for  all  columns, 
counterforts,  and  pilasters  being  constructed  in  the  precise  positions  showTi  on  the 
outhne  drawings,  and  beam  construction  was  restricted  in  the  main  to  a  direction 
transverse  to  the  length  of  the  building.     The  walls  were  specified  to  be  6  in.  thick. 

In  designing  the  reinforced  concrete  work  the  weight  of  the  reinforced  concrete 
was  taken  at  150  lb.  per  cu.  ft.  and  insulating  materials  at  18  lb.  per  cu.  ft. 

The  live  loads  to  be  provided  for  were  40  lb.  per  sq.  ft.  on  a  horizontal  plane 
for  the  pitched  roof  (this  included  the  dead  load  of  the  roof  itself),  56  lb.  per  sq.  ft 
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on  all  flat  roofs,  \\  cwt.  per  sq.  ft.  on  first  and  second  floors,  and  i  cwt.  per  sq.  ft. 
on  the  third  floor.  All  walls  were  to  be  considered  as  subject  on  each  side  to  a  uniform 
pressure  of  40  lb.  per  sq.  ft.  on  the  whole  area.  The  worst  possible  combinations 
of  the  above  loadings  were  to  be  taken  in  arriving  at  the  maximum  stresses.  Generally 
speaking,  the  methods  and  formula;  outlined  in  the  second  report  of  the  R.I.B.A. 
Joint  Committee  on  Reinforced  Concrete,  dated  191 1,  were  to  be  adhered  to. 

The  concrete  for  the  reinforced  concrete  construction  was  composed  of  clean 
crushed  Thames  ballast  passed  through  a  \  in.,  and  retained  on  a  i  in.  screen  mixed 
with  Ham  River  grit  in  the  proportion  of  2  to  i  with  latitude  for  variation  when 
necessary  so  as  to  ensure  the  whole  of  the  voids  being  properly  filled.     The  cement 
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used  was  in  the  proportion  ot  one  bag  of  224  lb.  to  every  ^^  cu.  ft.  of  sand,  and  complied 
with  the  requirements  of  the  British  Standard  Specification,  the  initial  set  being 
between  50  and  90  minutes  and  the  final  set  between  5  and  7  hours. 

The  beam  moulds  were  so  arranged  that  the  sides  were  readily  removed  without 
disturbing  the  bottom  until  the  beam  was  sufficiently  set,  the  camber  allowed  for  in 
the  moulds  being  i /300th  to  i /360th  of  the  span,  according  to  the  dimensions  of  the 
beam.  The  column  moulds  were  all  arranged  with  one  open  side,  and  this  was  built 
up  as  the  concreting  proceeded.  The  steel  reinforcing  bars  were  of  plain  circular 
sections,  having  an  ultimate  strength  of  28  to  30  tons  per  sq.  in.,  an  elongation  of  not 
less  than  20  per  cent,  in  8  in.,  and  otheiAvise  generally  conformed  to  the  British  Standard 
Specification.  These  bars  were  covered  with  at  least  i  in.  of  concrete  in  the  case 
of  beam  columns,  etc.,  and  ^  in.  in  the  case  of  the  floor  slabs,  except  where  such  slabs 
were  in  contact  with  the  insulation,  when  not  less  than  i  in.  cover  was  provided. 

The  minimum  time  allowed  before  removing  the  supports  from  the  reinforced 
concrete  was,  in  the  case  of  the  main  beams  and  floors,  14  davs,  and  in  the  other 
cases  8  days. 

The  maximum  test  loads  to  be  applied  to  the  floors  and  beams  provided  for  an 
excess  of  50  per  cent,  over  the  live  load  for  which  the  particular  portion  of  the  structure 
was  designed,  and  the  resulting  deflection  was  not  allowed  to  exceed  i /600th  of  the 
span. 

Reference  was  made  in  the  earlier  part  of  the  paper  to  the  granite  and  Portland 
stone  facing  on  the  Charterhouse  Street  side.  The  lower  portion  of  this  facing  was 
executed  in  Cornish  granite,  fine  axed,  and  consists  of  piers  and  arches  forming  the 
entrances  and  exits  to  the  cart  area  and  main  entrance.  This  granite  work  was  carried 
up  to  the  level  of  the  first  floor,  above  which  rubbed  Portland  stone  facing  from  the 
Whit  bed  was  used.  This  facing  work,  which  varies  from  3  in.  to  6  in.  in  thickness, 
is  backed  by  the  reinforced  concrete  wall,  for  which  it  formed  the  outer  shuttering. 

Some  doubt  was  felt  as  to  the  possibility  of  the  Portland  stone  becoming  stained 
as  a  result  of  the  gradual  absorption  of  some  of  the  constituents  from  the  cement 
in  the  concrete  backing.  The  usual  method,  however,  of  avoiding  this  trouble,  by 
covering  the  surface  of  the  stone  with  limewash,  could  not  be  applied,  as  it  was  most 
essential  to  obtain  as  complete  a  bond  as  possible  between  the  two  materials.  It 
was  accordingly  arranged  that,  before  placing  the  concrete,  the  stone  should  be 
thoroughly  wetted  and  allowed  to  absorb  as  much  water  as  possible,  after  which 
the  concrete,  mixed  with  as  little  water  as  possible,  was  filled  in  behind  and  well 
rammed.  The  effect  was  that,  in  setting,  the  concrete  tended  to  draw  moisture 
from  the  stone,  and  not,  as  would  otherwise  have  been  the  case,  the  stone  dra^\^ng 
moisture  from  the  concrete  by  capillary  attraction. 

The  result  up  to  the  present  has  been  most  satisfactory,  no  appearance  of  cement 
staining  being  visible. 

It  will  be  readily  understood  that  the  erection  of  a  building  of  this  description, 
which  contains  so  much  machinery  and  so  many  appliances  as  well  as  insulation 
of  the  cold  chambers  and  cold  air  circulating  arrangements,  was  not  by  any  means 
a  straightforward  matter,  and  it  was  necessary  in  consequence  to  provide  a  ready 
means  of  access  both  for  the  erection  of  the  refrigerating  machinery  at  the  rear  of 
the  building  and  for  the  fixing  of  the  insulation,  etc.,  inside  the  chambers.  This  was 
allowed  for  by  temporarily  omitting  two  panels  in  the  walls  of  the  ground  floor,  one 
adjacent  to  the  loading  bank  and  the  other  immediately  opposite  in  the  wall  separating 
the  Machinery  Room  from  the  Cold  Chamber.  These  openings  were  subsequently 
filled  up  when  the  need  for  them  had  disappeared.  In  anticipation,  however,  of 
possible  future  difficulties  in  getting  long  scantlings  into  the  cold  chambers  should 
the  necessity  ever  arise,  it  was  decided  to  construct  a  porthole  in  the  wall  adjacent 
to  the  loading  bank.  This  porthole  can  readily  be  reopened  and  long  scantlings 
passed  directly  through  into  the  Cold  Chamber  from  the  street  level,  and  thence  up 
through  one  of  the  lift  wells  to  any  of  the  upper  floors  ;  a  properly  framed  insulating 
plug  is  provided  on  the  inside  over  this  porthole,  so  that  the  insulation  will  not  have 
to  be  cut  into. 

One  of  the  noteworthy  features  is  the  way  in  which  the  loads  at  the  front  of  the 
building  are  carried.  Owing  to  the  peculiarities  of  the  design  of  the  platform  on 
which  the  building  rests,  the  front  columns  supporting  the  building  could  only  be 
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placed  in  certain  positions,  which  vary  from  27  ft.  to  29  ft.  centres  ;  although  above 
the  first  floor,  columns  had  to  be  provided  at  about  15  ft.  centres  to  keep  down  the 
depth  of  the  beams. 

To  meet  this,  a  continuous  reinforced  concrete  beam  was  constructed  along  the 
whole  front,  14  ft.  deep  and  12  in.  thick,  completely  filling  the  panel  betsveen  the  first 
and  second  floors,  and  carried  on  three  reinforced  concrete  columns.  Under  the 
centre  of  each  of  the  three  spans  a  granite  column  was  constructed  purelj'  for  archi- 
tectural effect,  exactl}'  similar  in  appearance  to  the  granite-faced  reinforced  concrete 
columns  which  carry  the  large  beam,  but  no  weight  is  taken  by  them  on  account 
of  the  loading  restrictions.  These  columns  are  calculated  to  carry  a  load  of  355  tons, 
which  is  transmitted  directly  on  to  steel  girders  without  any  footings. 

The  steel  columns  in  the  cart  area,  referred  to  earlier  in  the  paper,  are  continued 
above  as  concrete  columns,  as  the  necessity  of  reducing  their  dimensions  to  a  minimum 
did  not  arise.  Under  London  County  Council  Regulations,  this  arrangement  would 
have  been  impossible,  as  the  requirements  of  the  Building  Act  in  respect  of  steel- 
frame  construction  and  the  Reinforced  Concrete  Regulations  cannot  be  applied  at 
the  same  time  in  any  one  building. 

The  absence  in  the  reinforced  work  of  cracks  due  to  the  large  divergence  of 
temperatures  to  which  the  structure  is  subjected  is  remarkable,  but  is  no  doubt  due 
to  the  effect  of  the  insulation,  although  the  outside  of  the  walls  is  cold  to  the  touch. 

Beyond  these  special  points  there  is  little  that  calls  for  remark  in  respect  of  the 
reinforced  concrete  work. 

Fig.  7  gives  typical  elevations  and  sections  of  beams  and  columns. 

ADDITIONAL    SUPPORTS    UNDER    PLATFORM. 

Soon  after  the  Stores  were  opened  for  the  reception  of  carcases,  and  loading 
commenced  several  cracks  made  their  appearance  in  the  external  walls  at  the  back 
of  the  building.  From  the  nature  and  direction  of  these  cracks  it  was  concluded 
that  they  were  due  to  the  deflection  of  certain  of  the  longer  main  girders  forming 
part  of  the  platform  on  which  the  building  had  been  constructed.  Further  loading 
on  the  area  affected  was  thereupon  stopped  for  the  time  being. 

At  the  north-west  corner  of  the  site  and  under  the  walls  in  which  the  cracks 
appeared  the  existence  of  a  locomotive  fan  turntable  and  a  sewer  had  resulted  in  an 
arrangement  of  stanchions  which  necessitated  two  of  the  main  girders  being  con- 
structed to  spans  of  61  ft.  10 J  in.  and  54  ft.,  with  an  overall  depth  of  6  ft.  8 J  in.  and 
5  ft.  5  in.  respectively.  Calculations  showed  that  whilst  of  ample  strength,  deflection 
must  occur  in  these  girders  to  the  extent  of  about  15/32  in.  and  27/64  in.  due  to  the 
dead  loads  coming  on  them,  and  a  further  9/64  m  and  11/54  in.  respectively  due  to 
the  allowable  live  loads. 

Further,  it  was  ascertained  that  the  deflection  varied  according  to  the  variation 
in  the  number  of  carcases  in  the  store.  In  view  of  the  fact  that  the  weather  could 
reach  the  insulating  material  unless  the  cracks  in  the  walls  were  permanently  closed, 
it  became  necessary  to  stop  the  variation  in  the  amount  of  deflection  of  the  two  girders. 

Permission  was  therefore  obtained  to  erect  two  additional  stanchions  under  the 
girders,  approximately  midway  between  their  points  of  support.  The  positions  of 
these   are  indicated  in  Fig.  2  by  the  letters  T  and  S. 

The  new  stanchions,  which  were  built  up  of  rolled  steel  joists  and  plates,  were 
designed  to  carry  loads  up  to  400  tons  and  253  tons  respectively,  and  were  placed  on 
foundations  consisting  of  grillages  of  rolled  steel  joists  embedded  in  6  to  i  P.C.  concrete 
carried  down  on  to  the  London  clay  the  loads  on  which  were  arranged  so  as  not  to 
exceed  4  tons  per  sq.  ft.  In  the  meantime,  two  i-^-in.  steel  plates,  drilled  to  template 
for  the  accommodation  of  the  rivet  heads  on  the  underside  of  the  girders,  had  been 
secured  thereto  with  a  layer  of  7  lb.  lead  interposed  between  the  plate  and  the  girder 
in  each  case.  Two  pairs  of  folding  steel  wedges,  3  ft.  6  in.  long  by  8  in.  wide,  with  a 
taper  of  i  in  42,  were  then  placed  in  position  on  the  top  of  each  stanchion  and  imme- 
diately over  the  flanges  of  the  stanchions,  and  all  four  were  driven  simultaneously 
from  a  staging  with  14-lb.  hammers.  Previous  to  driving  up  the  wedges  the  live 
loads  on  the  areas  carried  by  the  girders  in  question  were  reduced  as  much  as  possible, 
and  the  wedges  were  driven  until  the  whole  of  the  deflection  due  to  the  remaining 
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live  load  and  a  small  amount  of  the  deflection  due  to  the  dead  load  were  taken  out, 
thus  preventing  the  possibi  ity  of  any  further  movement  in  the  future. 

The  stanchions  were  wrapped  with  expanded  metal  and  encased  in  concrete  to 
preserve  them  against  deterioration. 


REINFORCED   CONCRETE    DETAILS. 


SCALE  OF  FEET. 
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SCALE  FOft  SECTIONS. 


After  the  completion  ot  this  work  an  internal  examination  of  the  condition 
of  the  insulation  in  the  neighbourhood  of  the  cracks  was  made  by  opening  out  the 
Unings,  but  fortunately  no  deterioration  was  discovered.  The  cracks  in  the  walls 
were  accordingly  cut  out  and  filled  with  cement,  and  no  further  movement  has  since 
been  discerned. 
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The  whole  of  the  work  was  carried  out  under  the  direction  of  Mr.  C.  R.  S.  Kirk- 
patrick,  M.Inst.C.E.,  who  early  in  1913  succeeded  Mr.  F.  Palmer,  C.I.E.,  M.Inst.C.E., 
as  Chief  Engineer  to  the  Port  of  London  Authority,  the  author  holding  the  position 
of  Chief  Assistant  Engineer  since  July,  191 3. 

Valuable  assistance  was  given  by  Messrs.  Esplen,  Son,  &  Swainston,  who  acted 
as  consulting  specialists  in  respect  to  the  refrigerating  machinery  and  insulation, 
and  by  i\Ir.  T.  H.  Smith,  consulting  architect  for  the  building. 

The  author  desires  to  acknowledge  his  indebtedness  to  ]\Ir.  W.  B.  Statham, 
Assoc. M.Inst.C.E.,  of  Messrs.  The  Lightfoot  Refrigeration  Company ;  Dr.  Oscar 
Faber,  D.Sc,  Assoc. M.Inst.C.E.,  Member  of  the  Concrete  Institute  ;  and  to  the 
various  members  of  the  Authority's  staff  who  have  rendered  valuable  assistance  to 
the  author  in  the  preparation  of  this  paper. 

DISCUSSION. 

Sir  Henry  Tanner,  in  moving  a  vote  of  thanks  to  the  reader  of  the  Paper,  said  the  construction 
seemed  remarkably  fjood,  and  reinforced  concrete  most  useful  for  the  purpose. 

Mr.  C.  R.  S.  Kirkpatrick,  M.Inst.C.E.,  considered  that  much  of  the  success  of  the  cold  store  was  due 
to  the  skill  with  which  ^Mr.  Deane  had  carried  out  the  work.  It  was  contemplated  first  of  all  that 
it  would  hold  8 1,000  carcases,  but  the  number  was  reduced  to  78,000.  The  District  Surveyor  of  the 
London  County  Council  claimed  that  it  came  within  the  London  Building  Regulations,  and  if  that 
contention  had  been  maintained,  the  store  in  iqii  would  have  had  to  have  been  constructed  of  brick- 
work, and  that  would  have  involved  the  taking  off  of  one  storey,  owing  to  the  fact  that  it  had  to  be 
built  on  top  of  tunnels.  The  1909  Building  Act  Regulations  required  2  cwt.  per  sq.  ft.  of  each  floor 
and  a  load  of  4  cwt.  per  sq.  ft.,  and  if  these  had  been  complied  with  the  store  could  not  have  been  built> 
and  the  number  of  carcases  stored  would  have  had  to  be  reduced,  which  would  not  have  been  satis- 
factory from  a  financial  point  of  view.  But  there  was  generally  a  way  of  getting  over  these  difficulties. 
The  Corporation  of  London  Central  Markets  Act  contained  an  exemption  from  the  Metropolis  Building 
Act  of  1855  for  all  buildings  required  for,  or  in  connection  with,  meat,  and  taking  advantage  of  this 
exemption,  they  were  able,  ignoring  the  L.C.C.  Regulations,  to  put  up  the  building  of  one  storey  higher. 
Excluding  the  foundations  and  the  raft  the  cost  came  out  at  3s.  4^d.  per  cu.  ft.  of  refrigerating  space, 
excluding  the  machinery  space,  which  was  equivalent  to  iis.  gjd.  per  carcase  of  mutton. 

Dr.  Oscar  Faber,  D.Sc,  referring  to  the  danger  of  the  cracking  of  the  walls  from  the  great  reduction 
of  temperature  owing  to  the  refrigerator  inside,  after  a  certain  amount  of  discussion  they  came  to  the 
conclusion  that  the  question  of  contraction  and  expansion  meant  very  little,  and  eventually  not  very 
much  reinforcement  of  the  walls  was  made.  The  L.C.C.  Regulations  required  the  floors  to  be  designed 
to  carry  224  lb.  per  ft.  ;  but,  as  a  matter  of  fact,  they  were  actually  designed  for  168  lb.  in  the  case  of 
some  and  112  lb.  in  the  case  of  others.  The  waU  carrying  the  building  three  or  four  storeys  was  only 
6  in.  thick,  but  if  the  L.C.C.  regulations  had  been  observed,  they  would  have  had  to  provide  concrete 
columns  all  round  the  wall  to  carry  all  the  load,  apart  from  the  walls,  and  that  would  have  added 
considerably  to  the  weight  and  the  expense,  besides  being  imnecessary.  It  would  be  well  to  consider 
whether  they  should  allow  such  a  very  large  sum  to  be  wasted  in  such  buildings.  The  use  of  Portland 
stone  on  the  front  of  the  building  through  which  the  cement  had  not  penetrated  he  should  be  glad  to 
have  explained.  If  they  adopted  the  later  regulations,  he  maintained  they  tended  to  give  them  too 
strong  beams  and  too  weak  columns.  Maple  block  flooring,  although  it  had  many  very  excellent 
properties,  he  considered  rather  dangerous  to  use  in  cold  storage  buildings. 

Mr.  W.  B.  Statham,  Assoc.M.Inst.C.E.,  pointed  out  that  the  condensers  were  specially  designed  to 
economise  water,  which  was  very  important  in  a  town  where  water  had  to  be  paid  for,  as  it  reduced  the 
water  consumption  by  90  per  cent.  Moreover,  the  condensers  had  the  further  advantage  that  they 
were  always  easily  accessible. 

The  Lecturer's  Reply. 

Mr.  Deane,  in  reply,  thanked  the  Institute  for  their  cordial  reception  of  his  Paper.  Referring  to 
Dr.  Faber's  criticism  of  the  bending  moments  in  the  specification,  he  had  to  say  generally  that  if  the 
structure  had  been  cut  down,  if  the  bending  moments  had  been  reduced,  he  thought  probably  they  should 
have  asked  for  a  little  more  concrete  to  protect  themselves  against  the  possibility  of  the  effect  of  the 
cold  on  the  reinforced  structure.  He  did  not  think  the  sum  total  would  have  meant  very  much  in  car- 
cases, and  after  all  carcases  were  the  thing  that  the  store  existed  for.  The  action  of  cement  on  Portland 
stone  had  been  rather  a  hobby  of  his  for  some  years.  He  had  seen  many  buildings  where  the  Portland 
stone  had  been  absolutely  ruined  by  the  use  of  Portland  cement  too  wet  and  the  stone  too  dry,  and  the 
inevitable  staining  had  resulted.     As  to  the  use  of  maple  block  flooring,  if  there  was  any  moisture  about 
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,t  would  soak  it  up.  The  space  that  wa.  allowed  wa=  i  i  m.  all  round,  but  if  he  were  lajing  maple  block 
flooring  on  concrete  again,  he  would  probably  increase  the  space  to  3  m.  aU  round.  It  had  a  habrt  of 
pulling  up  ;  but  after  it  once  settled  down  it  never  gave  any  further  trouble,  and  made  an  exceUent 
Sooring.  He  s^.npathIsed  with  Dr.  Faber's  criticisms  of  the  L.C.C.  Regulations  as  regarded  loads  as 
they  appeared  to  him  to  be  just.  The  most  prominent  feature  about  the  methods  o  design  adop  ed 
in  this  case,  compared  with  the  methods  imposed  by  the  Buildmg  Regula  ions,  was  the  fact  tha  the 
building.was  standing  to-day  ;  there  was  no  sign  of  it  giving  way  an>-where.  IHhose  bui  dmg  regidaUon^ 
were  the  minunum,  it  seemed  to  him  there  was  somethmg  wrong  somewhere.  The>  made  several 
e^perLents  on  the  weight  of  carcases  to  see  exactly  how  they  could  load  up  the  floor,  and  they  c^e 
to  the  conclusion  from  the  tests  made  that  the  average  weight  per  New  Zealand  sheep  carcase  wa^ 
54-4  lb.,  and  the  cu.  ft.  space  occupied  was  2-.66,  and  the  average  weight  of  a  quarter  of  beef  was 
153-2  lb.,  and  it  occupied  7'554  cu.  ft.  of  space. 
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CORRESPONDENCE. 

Under  this  heading  ■we  invite  correspondence. 


PERMEABILITY    OF    CONCRETE    OIL    MIXTURES. 

To  the  Editor  of  Concrete  and  Constructional  Engineering. 

Sir, — As  the  following  tests  in  the  above  direction  may  be  of  general  interest, 
I  am  sending  you  particulars.  Possibly  many  other  experiments  have  been  made  in 
the  same  direction,  and  with  which  these  results  may  be  compared. 

The  feature  of  the  test  was  to  introduce  a  quantity  of  kerosene  into  the  mixture 
after  the  water  had  been  added  and  the  batch  thoroughly  mixed ;  it  was  then  well 
churned  up  and  moulded  straight  away.  During  the  handling  the  oil  was  steadily  rising 
through  the  mixture,  and  continued  to  drain  off  for  a  period  approximately  as  long  as 
the  concrete  took  to  attain  its  initial  set.  The  quantity  of  kerosene  used  was  lo  per 
cent,  of  the  volume  of  water  required  for  the  mix,  which  was  of  medium  consistency. 

Several  hoUow  cylinders  were  moulded  with  a  mix  of  i  :  2  :  4.  The  cement  was 
a  reputable  English  brand.  The  sand  was  an  indifferent  sample  of  fine  stuff  ;  it  was 
necessary  to  wash  the  organic  matter  from  it.  Its  composition,  when  washed,  was  : 
Held  on  a  20  sieve,  20  per  cent.  ;  held  on  a  30  sieve,  45  per  cent.  ;  and  held  on  a  76  sieve, 
30  per  cent.  ;  discarded  through  the  76  sieve,  5  per  cent.  The  stone  was  good  angular 
bluestone,  and  it  was  screened  through  a  f-in.  sieve,  and  the  dust  and  finer  particles 
removed  with  an  |-in.  sieve.  The  stone  was  well  wetted  and  allowed  to  drain  over 
night  before  using.  The  concrete  was  mixed  to  a  medium  consistency,  and  cylinders 
shown  in  Figs.  1  and  2  were  moulded.  To  the  remainder  of  the  batch  of  concrete  was 
added  kerosene  in  as  near  as  could  be  estimated  10  per  cent,  of  the  water  used.  The 
batch  was  again  well  churned,  and  the  cylinder  shown  in  Fig.  4  was  moulded.  No 
reinforcements  were  used.  After  36  hours  the  moulds  were  removed  and  the  cylinders 
were  buried  in  damp  sand.  Three  weeks  later  they  were  removed  and  dried  in  air. 
Cylinders  shown  in  Figs,  i  and  4  were  then  subjected  to  a  water  pressure  of  40-ft. 
head.  Fig.  i  soon  absorbed  a  lot  of  water,  and  showed  dampness  on  the  outer  face. 
Fig.  4  showed  neither  sign  of  absorption  or  dampness,  the  loss  in  the  tube  above 
being  no  more  than  might  reasonably  be  accounted  for  by  evaporation.  The  two 
cylinders  were  under  pressure  and  observation  for  a  period  of  three  weeks.  It  should 
be  mentioned  that  the  walls  of  the  cylinders  were  3  in.  thick.  Fig.  i  having  an  inner 
diameter  of  6  in.,  and  having  its  face  rendered  or  floated  ^  in.  thick  with  mortar  com- 
posed of  cement  in  i  part  to  2^  parts  of  sand.  The  inner  diameter  of  cylinder  showm 
in  Fig.  4  was  i^  in. 

Cylinders  shown  in  Figs.  1,2,  and  4  were  then  dried  again  and  then  subjected  to 
a  40-ft.  head  of  pressure  of  residual  oil.  Figs,  i  and  2  soon  showed  signs  of  oil  sweating 
through  the  walls.  Fig.  4  was  left  under  this  pressure  for  two  years,  and,  as  can  be 
seen  in  the  print,  remained  absolutely  impervious.  Fig.  4  shows  the  cylinder  in  posi- 
tion :  the  dark  patch  on  the  bottom  is  an  oil  stain  on  the  outer  skin,  caused  by  careless 
handling  of  the  oil  when  filling  the  cylinder.  The  picture  shown  by  Figs,  i,  2,  and  3 
shows  the  cylinder  split  after  the  test.  In  Figs,  i  and  2  it  is  plain  that  the  oil  has 
soaked  entirely  through  the  walls,  while  in  Fig.  3  it  can  be  seen  that  the  oil  has  not 
entered  the  concrete  in  the  least  degree.  The  broad,  black  marking  in  the  right- 
hand  half  of  Fig.  3  was  caused  by  a  small  quantity  of  residue  being  left  in  the  cylinder, 
and  when  it  was  being  split  the  oil  ran  over  the  face  to  some  extent ;  that  it  is  not 
incorporated  in  the  concrete  can  readily  be  seen  by  viewing  the  other  broken  face  of  the 
cylinder. 

With  a  view  of  obtaining  an  idea  of  the  eflect  of  the  oil  upon  the  strength  of  con- 
crete, a  number  of  briquettes  were  made  up  in  neat  cement,  and  in  cement  treated 
with  the  addition  of  10  per  cent,  of  kerosene. 

After  28  days  they  were  broken  with  the  following  results  : 

Neat  cement,  average  tensity         .  .  .  .  .  .  .  •     644  lb. 

Cement  treated  with  oil,  average  tensity  .  .  •  ■      667   ,, 
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Tests  were  also  made  for  absorption  in  the  following  manner :  Cylinders  were 
made  in  the  Vicat  mould,  and  after  being  cured  and  dried  under  similar  conditions, 
they  were  submitted  to  a  pressure  of  80  ft.  head  of  water ;  after  being  left  in  this 
condition  for  six  days  they  were  removed,  dried  with  a  chamois  skin,  and  immediately 
weighed,  with  the  following  results  : 


Neat  cement 

Cement  treated  with  oil 


Weight  before  Weight  after 
Pressure.  Pressure. 

.  .     0925  lb.  . .     095  lb. 

095  lb.  .  .     09562  lb. 


Henderson  Naval  Base,  West  Australia. 


Percentage  of 
Increase. 
•  •     27  % 
. .     065  % 

E.  P.  Henshaw. 


WIND    PRESSURE    ON     ROOFS. 

To  the  Editor  of  Concrete  and  Constructional  Engineering. 

Sir, — I  hesitate  to  make  the  sweeping  assertion  that  common  practice  and 
all  our  text  books  are  wrong,  but  there  is  a  matter  I  should  like  to  see  explained. 

Taking  the  example  given  in  IMr.  Marsh's  comments  on  the  S^'dney  Reinforced 
Concrete  Regulations  in  your  May  number,  it  seems  to  me  that  40  lb.  per  sq.  ft. 
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normal  to  the  vertical  plane  is  the  total  wind  acting  on  2-9  sq.  ft  of  sloping  surface 
(20°),  and  the  13-7  lb.  component  is  distributed  over  2-9  sq.  ft.,  giving  4-73  lb.  per 
sq.  ft.  instead  of  13-7  lb.  per  sq.  ft. 

Yours,  etc., 

D.  W.  R. 


Mr.  Chas.  F.  Marsh's  Reply  to  above. 

To  the  Editor  of  Concrete  and  Constructional  Engineering. 

Sir, — I  beg  to  thank  you  for  your  letter  of  June  13th  with  enclosvire  criticising 
the  statement  with  respect  to  \\dnd  pressures  on  roofs  contained  in  my  article  on 
the  Sydney  Reinforced  Concrete  Regulations. 

My  statement  is,  I  believe,  substantially  correct,  since  the  wind  pressure  is  of 
the  nature  of  a  fluid  pressure,  and  consequently  it  is  correct  to  consider  it  merely 
as  an  intensity  of  pressure,  and  not  as  a  definite  pressure  acting  on  a  definite  area. 
Consequently  the  intensity  pressure  of  40  lb.  per  sq.  ft.  normal  to  the  vertical  plane 
should  be  multiplied  by  the  sine  of  the  inclination  of  the  roof  to  the  horizontal  to 
give  the  intensity  of  pressure  on  the  sloping  surface,  and  not  by  the  square  of  the 
sine  as  your  correspondent  suggests. 

With  respect  to  the  general  question  as  to  the  wind  pressure  on  inclined  surfaces, 
it  might  be  pointed  out  that  the  generally  accepted  formula  is  one  of  an  empirical 
nature  based  upon  Mutton's  experiments,  this  formula  being  as  follows : 

D^  •     ON  i'^4  cos  ^-i 
P„=P(sin  6) 

where  P„  is  the  pressure  per  sq.  ft.  normal  to  the  inclined  surface,  "  P  "  the  hori- 
zontal wind  press\ire  per  sq.  ft.,  and  "  6  "  the  angle  of  the  inclined  surface  to  the 
horizontal. 

According  to  this  formula  the  wind  pressure  normal  to  the  inchned  surface  increases 
from  nil  for  a  flat  surface  until  it  reaches  the  same  value  as  that  on  a  vertical  surface 
wdth  an  incUnation  of  57°  5',  which  is  generally  assumed  as  60°. 

Yours  truly, 

Charles  F.  Marsh. 
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Memoranda  and  Ne-ws  Items  are  presented  under  this  heading,   "with  occasional  editorial 
comment.     Authentic  neius  "will  be  "welcome.— ED. 


Concrete  Ships  in  Italy. — The  following  question  was  asked  in  the  House  of 
Commons  on  June  3rd,  regarding  concrete  ships  in  Italy  : — 

Mr.  Percy  Alfred  Harris  asked  the  First  Lord  of  the  Admiralty  whether  he  would 
ascertain  if  sea-going  barges  of  reinforced  concrete,  schooner-rigged,  were  in  regular 
use  for  commercial  piuposes  in  Italy  ten  years  ago  ;  whether  he  is  aware  that  a  150-ton 
barge,  the  Liguria,  was  launched  as  far  back  as  1905,  and  has  now  been  in  regular 
commercial  use  for  12  years,  and  that  the  Italian  Government  concrete  sea-going 
barges  of  100  tons  have  now  been  in  regular  employment  for  a  number  of  years  ;  and 
whether,  having  regard  to  the  apparent  lack  of  information  as  to  concrete  ships  con- 
structed in  Italy,  he  will  cause  particulars  to  be  collected  of  concrete  ships,  barges, 
and  pontoons  employed  in  the  Mediterranean,  the  Adriatic,  and  the  Italian  rivers 
and  ports  with  a  view  of  obtaining  information  as  to  the  experience  in  this  AlUed 
country,  and  making  the  same  known  to  naval  architects,  reinforced  concrete  con- 
tractors, and  shipbuilders  in  England. 

Dr.  Macnamara  :  Yes,  sir,  it  is  a  fact  the  concrete  sea-going  barges  of  150-ton 
capacity  were  constructed  in  Italy  some  ten  years  ago.  I  have  no  information,  how- 
ever, regarding  the  development  of  the  construction  of  reinforced  concrete  craft  in 
Italy,  and  so  far  as  I  am  aware  only  a  very  small  number  is  in  use.  We  are,  of  course, 
glad  of  information  at  all  times  and  from  all  sources.  In  recent  years  this  industry 
had  been  widely  developed  in  Scandinavia,  and  full  reports  as  to  the  methods  of 
construction,  etc.,  adopted  in  that  country  have  been  obtained. 

Dr.  Macnamara,  replying  to  Mr.  P.  A.  Harris,  said  the  large  concrete  ships  recently 
launched  on  the  Pacific  Coast  of  America  have  been  inspected  by  a  British  engineer, 
and  his  report  is  in  the  possession  of  the  department  concerned,  which  also  possesses 
independent  reports  on  these  ships,  while  further  reports  are  now  awaited.  When 
the  information  is  obtained,  which  would,  of  course,  include  sea-going  tests,  and  is 
comprehensive  enough  for  the  purpose,  a  report  can  be  dra\vn  up  for  the  benefit  of  the 
British  industries  interested. 

Concrete  Floors  and  Enemy  Bombs. — The  following  question  was  put  in  the  House 
of  Commons  on  June  3rd  : — 

Mr.  Brace,  Under-Secretary  to  the  Home  Office  (Glamorgan,  S.,  Lab.),  replying 
to  Mr.  P.  A.  Harris  (Harborough,  L.),  who  asked  whether  any  independent  technical 
inquiry  had  been  made  as  to  air  raid  damage  caused  in  January  at  the  printing  works 
of  a  weekly  journal  where  many  casualties  resulted,  said :  I  understand  that  inquiry  has 
been  made  by  technical  experts  appointed  by  the  Committtee  of  Scientific  and  Industrial 
Research.  The  building  had  concrete  floors  over  the  basement,  none  of  which  were 
pierced  by  the  bomb,  which  entered  the  building  by  a  pavement  light.  The  occurrence, 
therefore,  affords  no  reason  for  doubting  the  utility  of  concrete  floors  as  affording 
reasonable  protection  against  blind  shells,  incendiary'  bombs,  and  explosive  bombs  of 
small  size.  I  would  remind  the  hon.  member  that  the  buildings  available  as  air-raid 
shelters  are  not  classified  as  bomb-proof,  but  they  are  quite  suitable  for  the  purpose 
for  which  they  are  primarily  intended — namely,  to  afford  shelter  against  splinters 
of  bombs,  shells,  etc.,  for  use  by  persons  who  happen  to  be  in  the  open  when  the 
raid  takes  place. 
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Concrete  Boilers  for  Ships. — A  large  ironworks  firm  in  America — The  Union 
Works — recently  decided  to  testthe-feasibility  of  constructing  concrete  boilers  forships. 
In  the  opinion  of  the  general  manager  of  this  firm,  this  form  of  construction  would 
save  90  per  cent,  of  the  cost  of  construction.  It  is  proposed  to  use  a  tube  of  light 
steel ;  around  this  there  is  to  be  a  cylinder  of  concrete  with  straight  cement  in  the 
centre  and  trumpet  rivets  to  hold  the  whole  together.  The  boiler  is  to  be  of  the 
Scotch  type. 

Concrete  Silos. — Messrs.  James  Scott  and  Son,  205  George  Street,  Aberdeen, 
have  recently  erected  a  reinforced  concrete  silo  for  Mr.  James  Cruickshank,  KUmar- 
nock  Arms,  Cruden  Bay,  Aberdeenshire.  This  silo  is  constructed  entirely  of  reinforced 
concrete,  having  6-in.  walls,  16  ft.  diameter  by  34  ft.  high.  The  silo  has  almost 
continuous  doors,  also  concrete  roof  ^\'ith  iron  ladder  up  to  same,  and  has  a  manhole 
on  top  for  outlet ;  the  water  is  carried  from  the  roof  in  down-water  pipes. — From  The 
Field. 

Concrete  Cellars  for  Potato  Storage. — A  concrete  potato  cellar  has  been  built  on  a 
farm  at  Ma;ple  Ridge,  Midrigan,  U.S.A.  According  to  Concrete,  U.S.A.,  from  which 
particulars  are  taken,  the  cellar  is  built  in  a  side  hill,  and  is  25  ft.  by  50  ft.  by  9  ft. 
high,  -with  a  capacity  of  4,000  to  5,000  tons.  The  roof  is  covered  with  several 
inches  of  earth.  It  has  four  rectangular  openings,  over  which  the  loaded  wagon  is 
driven  and  the  potatoes  chuted  to  the  bins.  There  is  a  side  track  to  the  front  of  the 
cellar,  which  affords  economy  in  loading.  It  is  stated  that  potatoes  thus  stored  keep 
in  excellent  condition. 

A  Concrete  Forge.— One  of  the  most  recent  uses  of  concrete  is  in  the  making  of 
blacksmiths'  forges,  says  Popular  Mechanics.  A  mixture  of  4  parts  gravel,  2  parts 
cement,  and  2  of  sand  was  used  for  the  forge  described  by  the  wTiter,  a  most  satis- 
fying accessory. 

The  forms  for  the  legs  and  hearth  were  built  first.  That  for  the  hearth  was  built 
on  to  the  leg  forms,  and  the  form  for  the  hood  was  built  on  to  the  hearth  form.  The 
top  of  the  forms  of  the  hood  and  hearth  was  left  open  in  each  case  to  permit  poiuring 
and  trowelling.  The  centre  of  the  hearth  is  left  about  4  in.  lower  than  the  edges. 
The  form  for  the  trough  should  be  fastened  together  very  lightly  and  held  in  position 
by  several  strips  across  the  hearth  form. 

A  galvanised-iron  bucket  is  set  in  the  hood  to  form  the  base  of  the  smokestack. 
The  bottom  of  the  bucket  is  removed  after  the  poiuring. 

A  tuyere  iron  may  be  bought,  or  one  made,  and  it  should  be  placed  in  position  in  the 
form  and  the  concrete  run  around  it  after  provision  has  been  made  for  holding  it  in  place. 

After  the  form  is  all  complete  the  iron  reinforcement  is  put  in  place.  This  may 
be  made  from  old  scrap  iron,  such  as  wagon  tyres  or  round  rod.  Care  should  be  taken 
to  see  that  the  reinforcements  connect  properly.  No  provision  need  be  made  for 
expansion  and  contraction  caused  by  heating  and  cooling.  This  is  taken  care  of 
automatically. 

Volcanic  Stone  as  an  Aggregate  for  Concrete  Ships. — "Concrete,  U.S.A."  states  that 
some  tests  are  being  carried  out  with  a  hght,  but  strong  volcanic  stone  found  near 
El  Paso,  which  seems  suitable  as  an  aggregate  for  concrete  ships. 

Reinforced  Concrete  Coaling  Station.  ^ — A  new  reinforced  concrete  coaling  station 
has  recently  been  completed  on  the  Lehigh  Valley,  at  Manchester,  N.Y.,  which  is 
notable  not  only  because  of  the  volume  of  storage  space  and  capacity  of  the  receiving 
and  discharge  facilities,  but  also  because  of  a  number  of  innovations  incorporated 
in  its  construction.  Duplicate  receiving  and  hoisting  facilities,  an  arrangement  for 
mixing  the  various  kinds  of  coal  as  received,  and  an  unusual  compactness  and  con- 
venience in  the  installation  are  among  the  special  features  that  deserve  notice.  The 
reinforced  concrete  storage  bin  is  70  ft.  hy  52  ft.,  and  is  elevated  on  concrete  columns 
so  as  to  serve  locomotives  standing  on  six  sets  of  lines,  four  of  which  pass  under  the 
structure  while  one  passes  along  each  end.  The  elevating  towers  are  separated  from 
the  bin  structure  by  a  distance  of  39  ft.,  the  coal  being  transferred  from  the  tower  to 
the  bin  by  means  of  two  bridges  spanning  the  intervening  distance  and  forming  a  part 
of  the  super-structure  covering  the  top  of  the  bin.  The  elevating  equipment  is  in 
duphcate.  Each  elevating  tower  receives  coal  from  a  separate  track  hopper  20  ft. 
long,  from  which  it  is  fed  automaticallv  into  the  elevating  bucket  by  means  of  a 
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measuring  coal  feeder  of  2 J  tons  capacity,  this  feeder  being  actuated  by  the  ascent 
and  descent  of  the  elevating  bucket.  The  bucket  in  turn  is  raised  and  lowered  by  an 
independent  electric  hoist  having  a  capacity  of  75  tons  per  hour.  Since  there  are  two 
elevators,  150  tons  of  coal  can  be  received  from  cars  and  distiibuted  in  the 
bins  each  hoiur.  One  of  the  chief  advantages  of  this  duplicate  equipment  is  that  the 
plant  may  be  served  by  either  of  the  hoists  alone  in  case  the  other  is  out  of  service. — 
Engineer. 

Tests  of  Cement,  Lead  and  Metalium  Joints  for  Cast-Iron  Pipe. — More  extensive 
use  of  cement  joints  for  cast-iron  pipe,  especially  at  a  time  when  lead  is  so  costly, 
is  indicated  by  recent  tests  made  by  Professor  Frederic  Bass,  of  the  University  of 
Minnesota,  and  J.  A.  Jensen,  Minneapolis  Waterworks,  at  the  engineering  laboratory 
of  the  University  of  Minnesota,  the  university  and  the  city  co-operating,  and  described 
in  Engineering  News  Record,  May  23rd.  Four  lengths  each  of  standard  cast-iron  pipe, 
supported  and  connected,  were  tested.  For  the  cement  and  metalium  joints  8-in. 
pipe  and  for  the  lead  joints  6-in.  pipe  were  used,  sufficient  8-in.  not  being  available. 

The  lead  j  oint  was  made  in  the  customary  manner. 

The  cement  joint  was  made  of  Portland  cement,  mixed  rather  dry.  The  bell  of 
the  pipe  was  cleaned  and  a  dry  packing  inserted.  The  inner  half  of  the  bell  was  filled 
and  caulked  with  a  blunt  caulking  tool  without  using  a  hammer.  The  outer  half  was 
filled  with  the  same  mixture  and  caulked  with  a  hammer.  A  slightly  wetter  cement 
bead  was  immediately  placed  on  the  joint.  The  joint  was  kept  covered  with  wet 
cloth  for  one  week. 

The  metalium  joint  was  poui-ed  in  the  usual  manner  and  not  caulked,  and  the 
material  cannot  be  caulked. 

In  the  8-in.  joints  about  3-5  lb.  of  cement  and  35  lb.  of  metalium  were  used. 
In  the  6-in.  joints  about  ii"5  lb.  of  lead  was  employed. 

The  water  was  allowed  to  fill  the  pipes  after  the  initial  set  of  the  cement.  Four 
days  after  the  joints  were  made  the  water  was  let  into  the  pipes  under  city  pressure 
(75  lb.  per  sq.  in.).  At  this  time  a  test  of  the  lead  joint  was  made.  The  pressure  was 
pumped  up  to  600  lb.  per  sq.  in.  without  any  visible  result.  The  supports  from  the 
four  middle  lengths  were  removed  and  the  pipe  was  deflected  at  the  centre  about 
12  in.,  three  joints  opening,  the  middle  joint  to  a  very  considerable  extent,  causing 
large  leakage.  These  joints  were  then  recaulked  and  remained  tight  at  600  lb.  per 
sq.  in.  pressure. 

The  cement  and  metalium  joints  were  tested  30  days  after  laying,  and  during  this 
period  the  city  pressure  was  kept  on  the  pipes.  The  cement  joints  sweated  slightly 
at  first,  the  water  which  appeared  on  the  surface  evaporating.  This  soon  disappeared 
and  the  joints,  with  the  exception  of  one,  became  tight  and  dry.  The  wet  joint  was 
the  first  one  put  in.  It  was  made  with  less  water  in  the  mixture  than  were  the  other 
joints.  Ten  days  after  laying  a  water  pressure  of  250  lb.  per  sq.  in.  was  temporarily 
put  on  the  cement  joints,  without  visible  result.  During  the  30  days  the  metalium 
joints  all  leaked,  considerably  at  first,  but  less  and  less  as  the  material  of  the  joint 
became  filled  or  expanded.  The  leakage  at  the  end  of  30  days  under  the  city  pressure 
of  75  lb.  per  sq.  in.  was  at  the  rate  of  260  gal.  per  mile  of  pipe  (440  joints  per  mile). 

At  the  time  of  the  test  the  pressure  was  simultaneously  increased  on  both  pipes. 
It  was  held  at  200  lb.  per  sq.  in.  and  the  leakage  of  the  metalium  joint  was  measured 
and  found  to  have  increased  to  a  rate  of  450  gal.  per  mile.  No  leakage  from  the  cement 
joints  was  observed.  The  pressure  was  then  increased  to  300  lb.  per  sq.  in.  and  the 
leakage  from  the  metalium  j  oints  increased  to  a  rate  of  4,640  gal.  per  mile.  The  cement 
joints  still  showed  no  leakage.  The  pressure  was  again  increased,  but  owing  to 
leaJcage  it  could  not  be  raised  over  375  lb.  per  sq.  in.  The  leakage  was  entirel}''  from 
the  metalium  joints,  the  cement  joints  showing  no  leakage,  but  faint,  radial  hair 
cracks  appeared  in  the  upper  third  of  the  circumference  on  the  cement  bead.  Later  it 
was  found  that  these  cracks  did  not  show  in  the  joint  itself. 

The  supports  from  the  two  middle  pipe  lengths  were  then  removed  (the  pressure 
being  maintained  at  300  lb.  per  sq.  in.),  and  both  pipes  deflected  f  in.  at  the  middle 
joint.  The  supports  were  then  removed  from  the  next  two  pipes  in  both  lines,  and  the 
deflection  amounted  to  3  (  —  J  in.).  At  this  point  two  cement  joints  opened  slightly, 
drops  of  water  falling  at  intervals  of  about  10  sees,  from  each.  The  other  cement 
joints  remained  tight.     A  load  of  iron  of  850  lb.  was  then  put  across  the  middle  of 
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the  two  pipes,  being  equally  divided  between  them.  This  caused  the  cement-jointed 
pipe  to  settle  an  additional  ^  in.  and  the  metalium-jointed  pipe  to  settle  an  additional 
1 1  in. 

It  would  seem  from  these  tests  that  cement  is  a  material  which  should  be  used 
for  cast-iron  water  pipe  except  under  the  heavy  pressiures  used  for  high-pressure  fire 
service,  or  possibly  under  a  fill  where  extreme  settlement  caused  by  a  heavy  filling, 
greater  than  that  super-imposed  in  this  test,  would  cause  a  much  more  severe  bending 
load  to  be  appUed.  A  saving  of  from  5  to  8  per  cent,  of  the  total  cost  of  an  8-in.  pipe 
laid  in  an  8-ft.  trench  is  apparent  in  the  use  of  cement. 

In  all  the  joints  here  described  the  joints  were  made  by  experienced  men,  but 
possibly  special  care  in  handling  the  metalium  was  absent. 

PUBLICATIONS. 

The  Concrete  Utilities  Bureau  have  recently  issued  five  new  pamphlets,  entitled  : 
Concrete  Farm  Buildings  (No.  8),  Concrete  Troughs  and  Wells  (No.  9),  Concrete  Green- 
houses, Hot  Beds,  and  Root  Cellars  (No.  10),  Concrete  in  the  Home  (No.  11),  and  Con- 
crete Blocks  (No.  12).  Copies  of  these  pamphlets,  which  are  fuUy  illustrated,  can  be 
obtained  at  the  offices  of  the  Bureau,  6  Lloyd's  Avenue,  E.C. 

TRADE    NOTE. 

Flooded  Cellars. — The  percolation  of  water  into  cellars  after  heavy  rains  can  be 
prevented  with  absolute  certainty,  provided  certain  precautionary  measures  are  taken. 
For  instance,  the  sanitary  engineer  of  the  Alcester  Rural  District  Council  points  out 
that  one  particular  cellar,  following  every  rainfall,  was  flooded  for  several  days,  some- 
times to  a  height  of  about  2  ft.  At  first  it  was  rendered  with  ordinary  cement  and  the 
floor  concreted,  but  ^\^thout  arresting  the  percolation.  Then  treatment  with  Pudloed 
cement  was  decided  upon.  The  floor  was  concreted  with  a  6-in.  layer  of  a  3-1-1 
mixture  with  3  lb.  of  Pudlo  to  everj^  100  lb.  of  cement,  and  then  rendered  with  a 
2  and  I  mixture  of  Pudloed  cement,  and  the  walls  were  rendered  with  a  2  and  i  coating 
ij  in.  thick  in  4  coats  with  5  per  cent,  of  Pudlo,  the  result  being  entirely  satisfactory. 
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EDITORIAL  NOTES. 


AMERICA    AND    CONCRETE. 

From  time  to  time  this  journal  gives  particulars  of  individual  works  that 
are  being  carried  out  in  the  United  States,  where  concrete  and  reinforced 
concrete  take  an  important  part  in  engineering  and  architectural  works. 
But  for  some  time  we  have  not  emphasised  how  great  a  role  concrete  is 
now  pla\-ing  throughout  the  American  continent  in  all  matters  relating 
to  civil  engineerirg  works  and  building  construction,  and  that  it  is  one  of 
the  primary  factors  in  the  technical  discussions  in  the  architectural  and 
engineering  societies. 

To  a  large  extent  the  development  of  interest  in  concrete  in  America 
has  been  a  natural  development,  due  to  that  progressive  spirit  that  welcomes 
fresh  ideas  and  new  methods  and  is  not  fenced  round  with  the  prejudices, 
conservatism  and  regulations  that  prevent  the  rapid  introduction  of  new 
methods. 

But  if  this  development  has  been  natural,  it  has  also  been  fostered 
to  a  great  extent  by  the  excellent  work  done  by  the  American  Concrete 
Institute  under  the  energetic  guidance  of  the  leading  members  of  its 
executive.  In  the  American  Concrete  Institute  we  find  no  mere  minor 
technical  society  concerned  in  debating  academic  questions,  framing  specifi- 
cations, regulations  and  the  like  which,  however  useful  to  its  membership 
and  a  number  of  professional  men  and  industrial  pioneers  outside,  have 
no  bearing  on  the  really  great  problems  of  the  day.  This  American  cor- 
poration does  not  confine  itself  to  the  so-called  "  details  "  ;  its  primary 
function  lies  in  assisting  the  development  of  concrete  by  popularising 
the  subject,  whilst  at  the  same  time  giving  every  attention  to  the  scientific 
aspects  of  its  work  and  to  the  all-essential  item  of  investigation.  By 
popularising  concrete  the  American  Institute  eft'ects  great  national  savings 
and  increases  national  productivity.  It  simplifies  and  accelerates  building 
construction  and  engineering  works  and  puts  concrete  within  the  reach 
of  everybody  from  the  smallest  of  smallholders,  and  the  smallest  farmer, 
to  the  greatest  estate  owner  and  the  greatest  industrial  or  municipal  corpora- 
tion.    The  American  Concrete  Institute  is  a  factor  in  the  development 
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of  the  structural  work  of  the  United  States,  a  factor  in  the  economy  of 
the  State,  and  now,  during  the  war,  a  factor  in  winning  the  war. 

ANNUAL   MEETING    OF   THE    AMERICAN    CONCRETE    INSTITUTE. 

The  Institute  held  its  annual  meeting  on  June  27th  to  29th,  and  although 
naturally,  owing  to  the  times  in  which  we  find  ourselves,  the  meeting  was 
a  comparatively  small  one,  a  large  number  of  questions  of  vital  interest 
at  the  present  time  were  dealt  with.  We  hope  at  a  later  date  to  be  able 
to  reproduce  some  of  the  papers  read,  but  we  should  like  briefly  to  refer  to 
some  of  the  subjects  dealt  with. 

Considerable  time  was  devoted  to  the  all-important  question  of  concrete 
roads  and  pavements,  which  has  been  practically  neglected  in  this  country 
except  for  a  small  amount  of  work  which  has  been  principally  of  an 
experimental  character. 

The  problem  of  the  concrete  ship  came  in  for  a  great  amount  of  dis- 
cussion, and  bids  fair  to  become  an  important  development  of  the 
American  Institute's  activities. 

Another  important  item  to  which  attention  was  accorded  was  that 
of  concrete  housing  and  the  building  of  the  concrete  house  in  hollow 
blocks  and  otherwise. 

Research  questions  occupied  considerable  time,  and  there  were  papers 
dealing  with  indi^ddual  features  of  design,  the  ornamental  uses  of  concrete 
and  the  fire  resistance  of  concrete,  etc. 

Altogether  this  may  be  considered  an  excellent  programme  of  work, 
and  combined  with  its  pioneer  work  in  pressing,  for  economic  reasons, 
the  advantages  of  concrete,  and  pressing  these  systematically,  the  American 
Concrete  Institute  has  gained  for  itself  a  position  of  its  own. 

It  is  a  pleasure  to  see  what  has  been  done  by  this  body  during  the 
short  period  of  its  existence,  and  it  would  not  be  out  of  place  if  the  example 
now  so  admirably  set  by  the  United  States  in  these  matters  were  followed 
at  home  for  the  benefit  of  structural  development,  of  conservation  and 
general  economy  in  the  British  Empire. 
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CONCRETE  WORK  AT  THE 

VAMMA  POWER   STATION, 

NORWAY. 


For  the  folio-wing  particulars  and  illustrations  ive  are  indebted  to  Mr.  Geo.  Brockner.—ED. 


Prior  to  the  construction  of  the  Vamma  Power  Station  the  Vamma  Fall  was 
only  utilised  for  the  working  of  a  village  mill  on  the  right  side  of  the  river.  The 
fall,  which  is  situated  on  the  Glommen  about  6|-  km.  below  K3'kkelsrud  and 
about  32  km.  above  the  Sarpsfoss,  has  a  head  of  27  m.,  with  a  regulated  volume 
of  water  of  220  cu.  m.  per  second,  and  the  plant  installed  at  the  station  is  capable 
of  an  output  of  36,000  h.p. ,  which  is  being  increased  to  give  60,000  h.p.     To  develop 


Fig.  1.     View  showing  Concrete  Mixing  Plant. 
Concrete  Work  at  the  Vamma  Power  Station,  Norway. 

the  power  a  concrete  dam  was  constructed  across  the  river  at  the  top  of  the  fall, 
the  dam  being  280  m.  long,  and  the  central  portion,  160  m.  long,  was  formed  with 
15  intake  openings  leading  to  sluice  val\-es  which  are  fitted  to  the  upper  ends  of 
the  turbine  supply  pipes.  Arrangements  were  made  for  the  valves  to  be  laid 
dry  when  access  is  necessary  to  the  sluices  by  means  of  large  drains. 

The  power  station  is  situated  at  the  down  stream  toe  of  the  dam,  to  which 
it  is  parallel,  and  the  transformer  house  is  at  right  angles  to  the  station  and  on 
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the  north  side  of  it.  Two  roller  weirs  south  of  the  station  are  provided  to  regulate 
the  water  level  in  the  reservoir,  and  these  form  part  of  the  w^eir  over  which  the 
surplus  water  is  passed. 

The  dam  is  constructed  entirely  of  concrete  and  it  rests  everywhere  on  solid 
rock.  Its  greatest  height  is  38  m.  and  its  greatest  breadth  at  the  bottom  is  27  m., 
while  the  breadth  at  the  crown  varies  from  4.40  m.  to  7.60  m. 

Several  difficulties  had  to  be  overcome  during  the  construction  of  this  dam, 
and  some  notes  as  to  the  methods  employed  should  be  of  interest. 

CASTING  THE  CONCRETE. 

The  first  casting  of  concrete  took  place  during  the  winter  1907-8,  when  a 
needle  dam  was  built  from  the  right  side  of  the  river  to  the  Vamma  Stone,  a 
rock,  which  at  ordinary  water  level  divided  the  river  into  two  courses,  the  dam 
resting  on  square  box  rafts  which  were  filled  with  stones.  The  plant  was  situated 
on  the  left  side  of  the  river,  and  for  the  purposes  of  transport  a  hanging  bridge, 
with  a  span  of  135  m.,  was  built  to  form  the  connection  between  the  left  bank 
and  the  point  of  concreting. 

The  plant  consisted  of  three  English  crushing  machines  and  five  mixing 
machines,  the  former  being  placed  at  a  high  level  and  some  distance  from  the 
latter,  with  flying  bridges  between  the  two  to  form  the  connection.  Direct 
rail  service  was  provided  between  the  mixing  plant  and  the  hanging  bridge 
mentioned  above  for  the  rapid  transport  of  the  mixed  concrete.  The  five  mixing 
machines  installed  in  the  first  instance  were  later  replaced  by  two  American 
machines  of  greater  capacity.  All  the  machinery  was  worked  electrically,  the 
necessary  power  being  generated  by  a  steam  plant  during  the  preliminary  opera- 
tions, and  when  the  work  was  more  advanced  power  w^as  taken  from  a  neighbour- 
ing power  station.  At  the  commencement  of  the  concrete  laying  the  stone  for 
crushing  was  blasted  from  the  rock  at  Rewnaasen,  close  to  the  crushing  plant, 
and  all  other  material  had  to  be  conveyed  by  horse  and  cart  from  the  Askim  railway 
station,  a  distance  of  about  five  kilometres.  In  consequence  of  the  large  amount 
of  carting  that  wa,s  necessary— some  fifty  horses  being  in  daily  use — it  was 
decided  to  construct  a  new^  road  from  the  railway  station  to  the  site  of  the 
machinery  and  on  the  read  rails  were  laid  to  facilitate  the  transport.  The  spring 
flood  in  April,  1908,  interrupted  the  concrete  work  for  a  time,  and  during  the 
followng  years  up  to  and  including  191 1  the  work  proceeded  slowly.  The 
photographs.  Figs  2  and  3,  show  the  state  of  the  operations  in  the  early  part  of 
1911. 

In  order  to  speed  up  the  work,  however,  it  was  decided  to  improve  the 
transport  arrangements,  and  this  was  carried  out  in  1910  :  these  improvements 
consisted  of  an  ordinary  gauge  railway  from  Askim  station  to  the  "\^amma  top, 
\\ith  a  connecting  light  railway,  with  haulage  machinery,  to  the  mixing  plant, 
and  a  rope  railwav  across  the  river.  The  latter  was  chiefly  employed  for  the 
transport  of  the  rock,  when  blasted,  to  the  crushing  machines. 

GRADING  THE  AGGREGATES. 

At  about  this  time  a  plant  was  also  installed  for  grading  the  aggregate 
in  order  to  obtain  a  more  even  mixing.  In  the  case  of  the  coarse  aggregate  this 
consisted  of  a  revolving  drum,  which  received  the  discharge  of  the  crusher,  the 
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drum  lia\-ing  holes  of  65  millimetros  diameter,  and  the  satisfactory  material  passed 
tlirough  these  holes,  while  the  rejected  portions  passed  on  to  a  second  crusher 
placed  in  front  of  the  drum,  where  it  was  again  treated.     The  sand  was  also 


graded  into  three  sizes  by  means  of  drums,  these  being  installed  in  connection 
with  a  silo  which  was  constructed  for  the  storage. 

The  coarse  aggregate  was  also  washed  by  means  of  i  in.  diameter  pipes, 
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which  were  arranged  to  discharge  under  the  jaws  of  the  crushing  machines  so 
that  the  operation  took  place  continuously  after  the  crushing. 

After  the  work  had  been  speeded  up  the  plant  was  destroyed  by  a  fire  which 
occurred  at  Easter,  igi2,  and  a  teniporar\'  plant  had  to  be  arranged  to  carry  on 
the  work  during  the  following  summer  while  a  new  plant  was  being  installed. 
The  work  had  so  far  advanced  at  the  time  that  a  hoist  was  necessary  to  raise  the 
concrete,  and  the  suspended  bridge  constructed  in  the  first  instance  became 
useless,  and  a  new  one  was  built  with  a  tower  which  allowed  the  roadway 
to  be  raised  as  the  level  of  the  ^\■ork  became  higher. 

CON'CRETE  ARCH  AND  DAM. 

An  interesting  example  of  damming  is  shown  in  the  photograph  in  Fig.  4, 
this  being  executed  on  the  left  side  of  the  Vamma  Stone  in  the  year  1912  by  means 
of  a  concrete  arch.  The  proportions  of  the  concrete  for  this  work  were  1:3:3 
and  the  percussion  strain  was  calculated  at  22  kilograms  per  sq.  centimetre.  The 
mixing  and  crushing  plant  was  increased  in  the  spring  of  1913  to  facilitate  the 
laying  of  the  topmost  portion  of  the  permanent  dam.  The  whole  of  the  gauging 
for  the  concrete  was  done  in  special  boxes  fitted  ^nth  hinged  trap-doors,  and 
the  latter  were  arranged  so  that  the  proportions  could  be  varied  when  desired. 

As  the  casting  of  the  dam  proceeded  the  face  course  of  the  river  was  reduced. 
At  the  beginning  of  the  winter  1914-15  the  passage  had  been  reduced  to  an 
opening  25  m.  wide  in  the  central  portion  of  the  dam,  and  when  the  casting  of 
this  section  \\'as  commenced  the  water  was  led  through  the  bottom  openings 
in  the  dam  \\'hich  were  provided  on  the  right  side  of  the  river.  At  the  beginning 
of  March,  1915,  all  the  work  on  the  dam  and  in  the  high-A\ater  course  was  com- 
pleted so  that  the  water  could  be  dammed  up  at  any  time. 

The  amount  of  concrete  used  in  the  dam  alone  was  about  102,000  cu.  m. 
and  the  average  cost  of  this  ranged  from  £1  5s.  6d.  to  /i  6s.  8d.  per  cu.  m.,  while 
the  work,  with  the  exception  of  a  small  portion,  was  executed  in  a  period  of  three 
3^ears,  1912-15. 

As  previously  mentioned,  the  rock  used  was  blasted  in  the  high-water  course. 
The  sand  v/as  obtained  from  the  Brodremola  gravel  deposits  in  the  neighbourhood 
of  the  Aysen  railv/ay  station,  situate  about  17  kilometres  south  of  Askim.  On 
one  occasion,  in  the  earh?  stages  of  the  work,  humic  acid  was  found  to  be  in  this 
sand  owing  to  some  mistakes  having  occurred  at  the  source  of  supply,  and  in 
consequence  all  the  concrete  which  had  been  laid,  \\herein  the  sand  was  used, 
was  blasted  out  and  new  material  employed. 

Careful  tests  of  the  cement  used  were  conducted  as  the  work  proceeded, 
these  consisting  of  tensile  tests  daily  with  samples  made  in  proportions  of  i  :  2,  i  :  3 
and  neat  cement.  The  samples  were  each  marked  with  a  number  and  the  date, 
and  after  mixing  they  were  kept  in  the  air  for  24  hours,  after  which  they  were 
placed  in  water  or  moist  sawdust  until  the  test  took  place,  the  periods  allowed 
being  4,  7,  14  and  24  days.  In  addition,  samples  were  sent  every  week  to  the 
Material  Testing  Institute  at  Christiania,  these  samples  being  similar  to  the  above, 
and,  in  addition,  cubes  10  by  10  or  20  by  20  were  sent  for  compression  tests. 

In  the  execution  of  the  work  great  care  was  taken  in  cleaning  the  rock 
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which  formed  the  foundation  of  the  dam  at  the  bottom,  and  before  any  concrete 
was  laid  this  rock  was  covered  with  a  layer  of  rich  mixture  i  :  3.  30  cent,  thick. 

Daring  the  early  portions  of  the  work  the  concrete  was  mixed  m  the  pro- 
portion.  of  I  :  5  :  7  and  the  insertion  of  large  stones  was  adopted  to  a  considerable 


extent,  these  stones  being  as  large  as  the  transport  arrangements  would  permit^ 
The  surface  of  the  concrete  next  the  water  was  covered  with  a  layer  i  m.  thick 
of  rich  mixture  1:3- 
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The  amount  of  water  used  was  only  sufficient  to  produce  an  ordinary  earth- 
moist  mixture.  These  original  methods  were  entirely  altered  by  degrees  as  the 
work  proceeded  and  cannot  be  said  to  have  had  any  influence  upon  the  dam 
construction  as  a  whole.  From  the  vear  191 1  a  richer  concrete  was  used,  the 
proportions  being  1:4:6,  and  from,  that  time  the  percentage  of  inserted  stone 
was  reduced  and  smaller  stones  were  adopted.  The  greater  part  of  the  work 
done  with  the  poor  mixture  was  afterwards,  for  several  reasons,  blasted  away, 
the  removal  being  partly  occasioned  by  the  presence  of  humic  acid  in  the  sand, 
as  previously  mentioned.  Other  portions  that  proved  to  be  porous  on  account 
of  the  weak  mixture  were  grouted  up  with  cement.  This  was  accomplished  by 
boring  holes  about  3  m.  deep  and  about  i  in.  diameter  in  the  concrete,  and  in 
these  holes  pipes  were  inserted  with  funnels,  two  stop  valves  and  a  coupling  piece 
for  hose  attached.  The  cement  was  mixed  with  water  and  then  filled  into  the 
pipe,  the  upper  valve  was  closed,  and  pressure  by  compressed  air  was  brought 


Fig.  5.     Works  in  course  of  construction. 
Concrete  Work  at  the  V.\mma  Power  Station.  Norway. 


to  bear  upon  the  material  through  the  opening  of  the  lower  valve.  This  method 
proved  very  effective,  and  in  some  of  the  bore  holes  as  much  as  forty  or  fifty  bags 
of  cement  were  forced  in  by  repeated  filling  of  the  pipe.  This  grouting  had  the 
effect  of  increasing  the  strength  of  the  concrete  and  rendering  it  equal  to  a  i  :  4  :  6 
mixture. 

In  those  portions  of  the  dam  where  the  greatest  stresses  are  likely  to 
occur  the  concrete  was  mixed  in  the  proportion  of  1:3:5  and  the  insertion 
of  stone  was  abolished.  In  addition  to  the  rich  mixture  which  was  used  on  the 
water  side  of  the  dam  a  finishing  coat  of  i  :  2  mixture  was  also  applied,  and  this 
in  turn  was  painted  with  special  waterproofing  washes. 

In  order  to  provide  expansion  joints  in  the  dam  vertical  grooves  going  right 
through  the  thickness  were  introduced  at  average  distances  apart  of  about  10  m. 
Great  care  was  taken  to  make  these  joints  so  tight  that  water  would  not  percolate, 
and  to  accomplish  this  a  triangular  cavity  was  made  in  the  groove  on  the  water 
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side  and  the  inside  angle  of  this  ca\dty  was  closed  by  means  of  a  half  pipe,  after 
which  the  cavity  was  closed  with  concrete,  reinforced  in  such  a  way  that  the 
wedge-shaped  portion  was  connected  with  the  mass  concrete.  Inside  the  wedge- 
shaped  piece  a  pipe  was  further  placed  in  the  following  manner.  When  the  cast- 
ing was  being  done  a  semicircular  piece  of  wood  was  attached  to  one  mould, 
and  when  the  mould  was  removed  this  piece  of  wood  was  withdrawn,  leaving  a 
groove  in  the  concrete.  When  the  next  portion  was  cast  against  this  a  semi-pipe 
was  placed  opposite  the  groove  and  the  aperture  thus  formed  was  after^^•ards 
filled  in  with  a  mixture  of  gandron  and  inert ol  in  weight  proportion  of  2  :  i. 

Horizontally  the  concrete  w^as  laid  in  layers  of  15  to  20  centimetres  thick, 
and  well  tamped,  and  if  circumstances  caused  a  somewhat  lengthy  interruption 
of  the  concreting  the  horizontal  grooves  were  "  stepped  "  and  laid  as  much  as 
possible  at  right  angles  to  the  line  of  pressure. 


Fifj.  6.     Inlats  lo  Power  House. 
CoN'CRETE  Work  at  the  Vamma  Power  Station,  Norway. 


When  concreting  was  resumed  after  such  delay  the  old  concrete  was  carefully 
cleaned  off,  well  washed  down  and  covered  with  a  layer  of  i  :  3  mixture.  During 
dry  and  warm  weather  the  concrete  that  had  recently  been  laid  was  well  watered 
to  prevent  the  drying  out  from  being  too  rapid.  Special  precautions  were  taken 
when  the  temperature  fell  below  six  centigrades  of  frost,  and  heated  materials 
were  used  when  mixing  the  concrete.  The  heating  of  these  materials  was  accom- 
plished by  means  of  perforated  steam  pipes  which  were  placed  in  spirals  along 
the  sides  of  the  storage  silos  and  warm  water  was  used  in  the  mixing.  To  prevent 
the  concrete  freezing  on  the  outer  faces  when  it  had  been  deposited  the  moulds 
were  covered  in  with  a  special  cloth  and  below  this  cover  the  necessary  heating 
was  brought  about  by  means  of  coke  pans.  To  control  the  temperature  in  the 
Ulterior  of  the  large  casting  moulds  pipes  were  inserted  in  some  places  into  which 
thermometers  could  be  lowered,  and  these  often  registered  quite  high  temperatures, 
reaching  as  much  as  40  to  45  centigrades. 
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The  dam  was  faced  on  the  down  stream  side  with  granite,  this  being  adopted 
for  the  sake  of  appearance  and  as  a  protection. 

A  carefully  designed  system  of  drainage  was  constructed  to  carry  away  any 
water  that  might  percolate  into  the  dam  from  the  water  side  or  from  the  bottom, 
this  consisting  of  a  series  of  3-in.  pipes  on  the  entire  water  side  at  distances  of 
75  cent,  and  situated  at  a  similar  distance  from  the  outer  surface  of  the  concrete. 
These  are  connected  to  collecting  and  emptying  pipes  of  varying  diameters  up 
to  12  in.  which  discharge  the  water  on  the  down  stream  side.  Compressed  air 
tools  were  tried  as  an  experiment  in  the  year  1912,  and  these  proved  so  satisfactory 
that  compressed  air  working  was  adopted  for  all  boring,  chiselling  and  tamping, 
and  a  compressed  air  plant  was  installed  on  either  side  of  the  river  for  this 
purpose. 

The  power  station,  transformer  house  and  other  auxiliary  buildings  were 
built  entirely  of  concrete  with  reinforced  concrete  roofs.  The  lower  part  of  the 
power  house  is  below  the  \\-ater  level,  and  this  had  to  be  built  with  special  care 
with  a  \'iew  to  its  being  watertight.  This  section  was  accordingly  built  with  a 
very  rich  concrete,  and,  although  this  has  not  been  rendered,  the  results  have 
proved  perfectly  satisfactory,  as  the  structure  is  quite  watertight. 
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The  last  article  of  this  series  appeared  in  our  issue  of  January,  1918.— ED. 


DESIGN    OF    RETAINING    WALLS. 

General  Considerations. — In  designing  a  retaining  wall  to  resist  earth  pressure, 
we  have  first  to  determine  the  resultant  pressure  of  the  earth'upon  the  wall ;  there  are  a 
number  of  different  theories  of  earth  pressure,  the  detailed'consideration  of  which  is 
beyond  the  scope  of  the  present  articles.  For  the  present  we  will  assume  that  the 
reader  is  familiar  with  these  theories,  and  that  the  resultant  pressure  due  to  the  earth 
is  Pg,  Fig.  21.     The  design  of  the  Avail  may  be  considered  under  three  heads  : 

1.  Pressure  upon  the  base. 

2.  Resistance  to  sliding  of  base. 

3.  Stresses  in  wall  itself. 
Pressure  upon  the  Base. — Draw  a  vertical 

through  the  back  B  of  the  base  slab,  and  let 
the  resultant  pressure  per  foot  length  of  the 
wall,  acting  along  the  surface  BE,  be  Pg. 
Next  find  the  centre  of  gravity  G  of  the  weight 
of  the  wall  and  the  earth  in  the  portion  A  J  HE  ; 
this  can  be  done  conveniently  by  taking 
moments  about  the  point  D.  If  IF  is  the 
combined  weight  acting  through  G,  the  line  of 
pressure  ac  is  obtained  by  setting  out  from  the 
intersection  a  of  P^  and  IF  a  vertical  length 
ah  to  represent  IF  to  a  convenient  scale,  and  a 
length  be  parallel  to  P^  to  represent  it  to  the 
same  scale.  The  intersection  of  the  line  of 
pressure  ac  with  the  base  gives  the  load  point 
L,  and  the  distance  e  of  this  point  from  the 
centre  C  of  the  base  gives  the  eccentricity  of  the 
load.  The  vertical  component  P  of  the  thrust 
on  the  ground  must  be  resisted  by  the  upward 

reaction  P  of  the  ground,  acting  through  the  centroid  of  the  pressure-distribution 

diagram.     We  now  have  two  cases  to  consider. 

I.  Load  Point  within  Middle-third.Ci .e.,  ep~\ . — In  this  case  the  pressure-distribu- 
tion diagram  ^s  as  shown  by  DfgB,  and  the  maximum  pressure  Df  must  not  be  greater 
than  the  safe'pressure  upon  the  soil  under  consideration. 
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2.  Load  Point  Outside  Middle-third  (i.e., e>-). — In  this  case  the  pressure-distribu- 
tion diagram  is  a  triangle  DhX,  Fig.  22,  DX  being  equal  to  ^DL.  Since  the  area  of 
this  diagram  must  represent  the  total  pressure  P,  we  have  : 

2 


i.e.,  pX3DL=2P 


-zP 


or  *  =    /6 
^     3 


a-) 


The  value  of  the  earth  pressure  P^  may  be  taken  from  the  standard  theories  of 
earth  pressure.  Since  these  theories  are  necessarily  incomplete,  it  is  a  good  plan  in 
practice  to  consider  soils  as  having  angles  of  repose  of  30°  or  45°,  and  to  determine 
the  earth  pressure  by  means  of  the  diagram  shown  in  Fig.  23.     9  may  be  taken  as 


Fig.  22. 


30°  for  all  soils  except  moist  vegetable  earth  ;  consolidated  dry  loam  or  vegetable 
earth  ;  damp,  well-drained  clav  ;  and  clean  gravel,  for  which  9  mav  be  taken  as  45^. 
The  following  figures  are  commonly  quoted  for  various  kinds  of  earth  : — - 


]\Iaterial. 

Weight  per 
cu.  ft. 
Lb. 

Angle  of 

Repose. 

9  degrees. 

Sand,  loose  dry 

100 

.31 

consolidated  dry 

120 

35 

wet 

115 

32 

verj^  wet 
Vegetable  earth,  dry 

120 
90 

26 
29 

moist 

100 

4.5-49 

,,              ,,       -very  wet 

,,       consolidated  drj' 

105 
100 

17 
49 

Clay,  with  gravel 

,,      dry 

,,      damp,  well  drained    .  . 
,,     saturated 

130 
no 

1 1.5 
120 

•      .38 

29 

45 
15 

Gravel,  clean 

112 

.        48 

with  sand     .  . 

120 

26 

Loose  shingle 

115 

29 

Rssistance  to  Sliding  of  Base. — The  resistance  of  the  base  to  sliding  must  be 
greater  than  the  horizontal  or  slide  component  S  of  the  forces  on  the  base. 

If  9^  is  the  angle  of  friction  between  concrete  and  the  earth,  this  resistance  will 
be  W  tan  9^  In  addition  to  this  we  may  add  the  resistance  to  horizontal  movement 
of  the  portion  DFK  of  the  wall,  when  the  base  of  the  wall  is  below  the  soil  level  on  the 
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unloaded  side.     This  is  sometimes  called  the  "  passive  "  resistance  of  the  earth,  and 
may  be  taken  per  foot  length  of  the  wall  as 

^P n        Vi-sin  9/ 

where  w^  =weight  of  earth  per  cubic  foot. 
h^  =  depth  of  earth  in  feet. 
o=angle  of  repose  of  soil. 
Stresses  in  Wall  Itself. — The  stresses  in  the  wall  and  the  corresponding  design  of 
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Fig.  23. 


45 


the  reinforcement  depend  on  whether  the  wall  is  of  the  cantilever  type  shown  in  Fig.  21 
or  of  the  counterforted  type  which  we  will  consider  later.  In  the  cantilever  type  we  have 
first  to  design  the  wall  slab  portion  proper  as  a  cantilever  subjected  to  the  bending 
moments  caused  by  the  earth  pressure  ;  the  direct  compression  stress  due  to  the 
weight  of  the  wall  slab  itself  will  be  so  small  that  we  may  neglect  it  for  practical  pur- 
poses. We  next  have  to  design  the  slab  portion  JH  as  a  cantilever  subjected  to 
bending  moments  and  shear  forces  due  to  the  difference  to  the  weight  of  filling  above 
and  the  upward  pressure  from  the  earth  below  ;  and,  finally,  have  to  design  the  portion 
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FK  as  a  cantilever  to  carry  the  bending  moment  and  shear  from  the  earth  below,  the 
weight  of  filling  above  being  negligible.  The  necessary  calculations  will  be  made 
clear  from  a  study  of  the  following  numerical  example. 

Numerical  Example  of  the  Design  of  a  Cantilever  Wall. — Take  the  case  of  the 
wall  illustrated  in  Fig.  24,  the  height  of  wall  being  16  ft.  from  the  bottom  of  the  slab, 
and  the  earth  being  horizontal  at  the  back  of  the  wall. 


r//////^/. 
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Fig.  24. 

We  will  take  the  following  figures  : — 
Weight  of  earth  =zf£  =  i20  lb.  per  cu.  ft. 
Angle  of  repose  =9    =30°. 

We  will  consider  as  is  usual  one  foot  length  of  wall  at  right  angles  to  the  plane  of 
the  paper. 
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From  Fig.  23  we  find  PE  =  o-i6jXw^h^ 

=  o-i67X  120X  256 

=  5,120  lb. 
The  total  weight  of  wall  and  filling  =  1^=9,680  lb. 

The  total  moment  about  the  point  X  of  the  weight  of  wall  and  filling  comes  equal 
to  43,400  lb.  ft. 

.  ■  .    distance  of  resultant  weight  from  X  =  ^^'}   -  =4.48  ft. 

9,680 

On  drawing  the  force  triangle  in  the  manner  previously  explained,  we  find  that 

the  load  point  L  comes  at  a  distance  i'6  ft.  from  the  edge  L.     This   comes   outside 

the  middle-third,  so  that  the  diagram  of  pressure  distribution  will  be  as  shown  in 

Fig.  22. 

,         ,    ,.  9,680x2 

.  ■  .  maximum  pressure  on  foundations  =  — 

3X1-6 

=  4,030  lb.  per  sq.  ft. 

=  1-8  tons  per  sq.  ft. 

We  will  assume  that  the  soil  is  of  confined  sand,  and 'that  therefore  in  accordance 

with  regulation  136  the  allowable  pressure  is  2  tons  per  sq.  ft.     Our  design  is  therefore 

satisfactory  from  the  standpoint  of  pressure  upon  the  soil. 

Considering  next  the  question  of  sliding  of  base,  we  have,  if  we  take  tan  9I  =0-5  for 

concrete  on  confined  sand, 

W  tan  91=0-5x9,680  =  4,840  lb.  per  sq.  ft.  length. 

We  will  take  h^.  Fig.  21,  equal  to  2  ft.,  so  that  the  passive  resistance  of  earth  at 

front  of  wall  per  foot  length, 

^   _w^{h'-y^    (i  +  sin  9)  _i20X  2-x  1-5 

^  2         (i  —sin  9)  2x0-5 

=  720  lb. 

.  •  .    Total  resistance  to  sliding=4, 840  +  720  =  5, 560  lb. 

The  maximum  possible  horizontal  force  tending  to  cause  sliding  has  been  shown 

to  be  equal  to  P^  =  5,120  lb.,  so  that  our  wall  is  stable  from  this  point  of  view. 

Reinforcement  Required  in  Wall. — Taking  first  the  vertical  wall  slab,  we  notice  that 

it  is  a  vertical  cantilever  subjected  to  a  horizontal  force  of  uniformly  increasing  in- 

tensit3^     The  section  of  greatest  stress  will  be  YY,  for  which  x,  Fig.  21,  is  14-4  ft. 

approximately,  and  the  corresponding  intensity  of  pressure  is  580  lb.  per  sq.  ft. 

.-.    Max.   B.M.=B  =  U:±^m^x^^  =  20,100  lh.it. 
2  3 

=  241,000  lb. -in. 
The  effective  depth  d  may  be  taken  as  16  in. 

B  241,000  o 

•    •   r3o= -'— 7 ^^7°' 5  approx. 

bd^     12x16x16      '     ^    t-f 

.  •  .    From  Fig.  3,  reinforcement  required  =  0-56  per  cent. 

.  •  .    Area  of  reinforcement  per  inch  width  =  -^ =0-09  approx. 

The  area  of  a  |-in.  bar  is  o-6oi  in.,  so  that  we  may  take  |-in.  bars  at  6  in.  apart, 
alternate  bars  being  long  and  short,  as  shown  in  Fig.  25,  on  account  of  the  diminution 
of  bending  moment  towards  the  top. 

It  will  be  noted  that  regulation  28  states  the  length  of  a  cantilever  shall  not 
exceed  five  times  the  effective  depth  at  the  bearing,  and  that  we  have  not  complied 
with  this  ;  in  our  opinion  this  regulation  cannot  be  intended  to  apply  to  vertical  slabs 
of  retaining  walls,  as  insistence  upon  its  use  would  render  economic  design  impossible. 
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It  is  a  severe  regulation  even  for  cantilevers  proper  occurring  as  part  of  a  building 
frame. 
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Distribution  bars  will  be  provided  in  accordance  with  regulation  78  at  a  maximum 
pitch  of  1 8  in.  or  four  times  the  effective  depth  of  the  slab  ;  the  area  is  to  be  at  least 
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0'o8  per  cent,  of  the  effective  cross-sectional  area  of  the  slab  or  the  diameter  at  least 
^  of  the  effective  depth. 

Taking  the  first  condition  with  a  pitch  of  i8  in.,  we  shall  require  an  area  of 

°'°       ^ =0-23  sq.  in.,  corresponding  to  a  bar  diameter  of  not  less  than  f  in.  ;  the 

100 

second  condition  would  require  i-in.  bars  at  distances  not  greater  than  5  ft.  4  in. 
This  great  divergence  in  results  is,  of  course,  due  to  the  large  effective  depth  of  the 
slab. 

We  will  adopt  |-in.  bars  at  18  in.  apart  at  the  bottom,  increasing  to  3  ft.  apart 
towards  the  top  as  shown,  where  the  effective  depth  is  less. 

To  calculate  the  reinforcement  required  in  the  bottom  slab,  we  have  first  to  obtain 
the  load  diagram.  The  load  upon  this  consists,  as  shown  at  the  left-hand  side  of 
Fig.  24,  of  an  upward  pressure,  distributed  in  the  form  of  a  triangle  as  we  have  already 
shown,  and  the  downward  pressure  due  to  the  weight  of  the  wall  and  filling,  which  we 
may  take  as  distributed  in  the  form  of  a  rectangle  as  shown  ;  the  downward  pressure 
over  the  left-hand  projecting  portion  is  sufficiently  small  to  be  neglected  in  our  calcu- 
lations. The  difference  between  the  triangle  and  the  rectangle  gives  the  load  diagram 
for  which  the  base  slab  should  be  designed. 

The  critical  section  for  the  right-hand  slab  is  XX,  and  to  find  the  bending  moment 
at  this  section  we  have  to  take  the  moment  about  XX  of  the  rectangle  dfgh,  and  sub- 
tract the  moment  of  the  triangle  dej.     In  one  particular  example  the  latter  moment  will 
be  of  neghgible  value,  but  this  will  not  be  so  in  all  cases  arising  in  practice. 
.  •  .    Considering  a  foot  width  of  slab,  we  have 


Bx  =  (i-9^X3X-j  12  kip-in. 


=  87-3  kip-in. 

„,  ,  .        ,  1  B  87-3x1,000        ^, 

Takmg  £i  =  iO'5,wehave --— = '-^ =66  approx. 

^  "^  db^     12XIO-5XIO-5 

.  •  .    From  diagram  of  Fig.  3,  per  cent,  reinforcement  required  =0-47. 

.-.     Reinforcement  required  per   inch  width  =-i2 ^='49    sq.    in.    approx. 

100 

|-in.  bars  12  in.  apart  will  be  sufticient,  so  we  will  bend  round  the  shorter  vertical  bars 

as  shown  in  Fig.  25  ;  this  reinforcement  is,  of  course,  required  at  the  top  of  the  slab. 

Regulation  77  prevents  us  from  spacing  these  bars  farther  apart. 

For  the  slab  on  the  left-hand  side  the  principal  question  to  be  considered  is  the 
shear  at  the  section  ZZ. 

The  shearing  force  at  this  section  =area  khnn 

^^4:03^7)  ><  ,.3  ^3.,  kips. 
o-i86c^  =  o-i8x  12X  io-5=22'7  kips,  so  that  regulation  66  is  satisfied.      Moreover,  this 

calculation  shows  that  the  shearing  stress  which  we  may  take  as  li — 1,000  ^^^  ^^^ 

I  —  /\  9 
per  sq.  in.  approx.,  is  less  than  is  allowed  by  the  regulations  without  special  shear 
reinforcement. 

Nevertheless,  we  regard  it  as  desirable  to  provide  some  shear  reinforcement,  and 
we  therefore  adopt  J-in.  bars  at  12-in.  centres,  bent  up  as  shown  in  Fig.  25. 

The  shear  oil  the  section  X-Y  =  3  X  1-94  =  5-82  kips;  this  will  cause  a  stress  which  is 

still  within  the  allowed  limits,  but  the  section  is  further  strengthened  by  the  i-in. 

bars  provided. 

(To  be  continued.) 

{The  copyright  of  these  articles  is  reserved  by  the  Author.) 
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PROPORTIONING   WATER  IN  CONCRETE. 


SOME  RESULTS 
OBTAINED    BY     PRO. 
PORTIONING  WATER 
IN  CONCRETE  TESTS. 


Ratio  of  Water  to  Cement  Found  to  have  more  Important  Effect  on  Strength 
than  Quantity  of  Cement  or  Grading  of  Aggregates. 

By  DUFF  A.  ABRAMS, 

Profes  or  in  Charge  of  Structural  Materials  Research  Laboratory,  Lewis  Institute.  Chicago. 

The  follcwing  article,  reproduced  from  ' '  Engineering  News  Record, ' '  gi'ves  the  results 
of  some  imoortant  Tests  made  by  Prof.  Abrams  at  The  Structural  Materials  Laboratory  of 
the  Leivis  Institute,  U.S.A.,  regarding  the  proportioning  of  concrete. — ED. 


CoNXRETE,  it  is  commonly  stated,  is  composed  of  a  mixture  of  cement,  sand^ 
and  pebbles  or  crushed  stone.  This  conception  of  concrete  overlooks  one 
essential  element  of  the  mixture — water.  An  exact  statement  of  the  ingredients 
of  concrete  would  be  :  Cement,  aggregate,  and  water.  The  last-named  material 
has  not  yet  received  proper  consideration  in  tests  of  concrete  or  in  specifications 
for  concrete  work. 

Early  users  of  concrete  centred  their  entire  attention  on  the  quality  of  the 
cement,  and  practically  disregarded  the  characteristics  of  the  other  ingredients. 
During  the  past  dozen  years  some  attention  has  been  given  to  the  importance  of 
the  aggregate,  but  it  is  only  recently  that  we  have  learned  that  the  water  also 
requires  consideration. 

A  great  deal  has  been  said  and  written  recently  concerning  the  effect  of 
water  on  the  strength  and  other  properties  of  concrete,  but  the  full  significance 
of  this  ingredient  has  not  heretofore  been  pointed  out.  A  discussion  which 
appeared  in  the  April,  1917,  issue  of  the  Concrete  Highway  Magazine  gave  a  brief 
review  of  results  of  some  of  the  experimental  work  carried  out  along  this  line 
at  the  Structural  Materials  Research  Laboratory,  Lewis  Institute,  Chicago.  The 
relation  between  the  water  content  and  the  compressive  strength  of  the  concrete 
for  a  wide  range  of  consistencies  was  there  pointed  out  and  emphasis  was  placed 
on  the  injurious  effect  of  too  much  water.  Tests  made  in  studies  of  the  effect  of 
size  and  grading  of  aggregates  have  shown  that  the  only  reason  concrete  of 
higher  strength  and  durability  can  be  produced  from  well-graded  aggregate  as 
compared  with  a  poorly-graded  aggregate  is  that  the  former  can  be  mixed  with 
less  water.  If  this  is  not  done  no  advantage  is  gained  from  using  a  coarse, 
well-graded  aggregate.  The  following  discussion  shows  that  a  similar  conclu- 
sion can  now  be  stated  with  reference  to  a  rich  concrete  mix  as  compared  with 
a  lean  one. 
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While  the  injurious  effects  of  too  much  water  in  concrete  is  apparent,  tests 
made  in  this  laboratory  show  that  the  truly  fundamental  role  played  by  water 
in  concrete  mixtures  has  been  entirely  overlooked  in  previous  discussions  of 
the  subject.  The  relation  referred  to  above  is  brought  out  by  a  series  of  com- 
pression tests  of  about  i,6oo  6x12  in.  concrete  cylinders  made  up  as  follows  : 


Mix 
Cement-Aggregate. 

Range  of  Sizes 
of  Aggregates. 

Consistency. 

I  :g 
I  :  5 
I  :  3 
I  :  2 
I  :  I 

0-14  mesh  sieve 
0-4  mesh  sieve 
o-|-in. 
o-ij-in. 
0-2 -in. 

Different     consis- 
tencies   for    each 
mix  and  aggregate 

Neat 


The  mixes  used  covered  a  wide  range,  as  did  also  the  grading  of  aggregate 
and  consistency.    The  aggregates  consisted  of  two  sizes  of  sand  and  mixtures  of 

•8000 


0.50  100  1.50  2.00 

Wa  ter-  Ratio      to 


2.50  300  3.50 

Volume     of    Cemeni-^  =  x 


4.00 


LEAN    AND    RICH    MIXTURES    SHOW    STRIKING    SIMILARITY   IN   STRENGTH 
VARIATION     FOR     DIFFERING     WATER     CONTENTS 

sand  and  pebbles  graded  to  the  sizes  shown.  The  mix  is  expressed  in  terms  of 
volumes  of  dry  cement  and  aggregate,  regardless  of  grading — i.e.,  a  i  :  5  mix  is 
made  up  of  i  cu.  ft.  cement  (i  sack)  and  5  cu.  ft.  of  aggregate  as  used,  whether 
a  sand  or  a  coarse  concrete  mixture. 

This  series  gives  valuable  information  on  the  effect  of  changing  the  quantity 
of  cement,  the  size  of  the  aggregate,  and  the  quantity  of  water.  The  effect  of 
many  different  combinations  of  these  variables  can  be  studied.  One  set  of 
relations  gives  the  effect  of  amount  of  cement  using  aggregates  of  different  size 
and  grading  ;  another  set  of  relations  gives  the  effect  of  different  quantities  of 
water,  varying  both  mix  and  size  of  aggregate.  In  all  respects  the  tests  bear  out 
the  indications  of  earlier  and  later  series,  and  reveal  the  true  relation  between  the 
strength  and  the  proportions  of  the  constituent   materials  in  concrete.     The 
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figure  shows  the  relation  between  the  compressive  strength  and  the  water  content 
for  the  twenty-eight-day  tests.  The  water  content  of  the  concrete  has  been 
expressed  as  a  ratio  of  the  volume  of  cement,  considering  that  the  cement  weighs 
94  lb.  per  cu.  ft.  Distinguishing  marks  are  used  for  each  mix,  but  no  distinction 
is  made  between  aggregates  of  different  size  or  different  consistencies. 

When  the  compressive  strength  is  platted  against  the  water  in  this  way 
a  smooth  curve  is  obtained,  due  to  the  overlapping  of  the  points  for  different 
mixes.  Values  from  dry  concretes  have  been  omitted.  If  these  were  used 
we  should  obtain  a  series  of  curves  dropping  downward  and  to  the  left  from  the 
curve  shown.  It  is  seen  at  once  that  the  size  and  grading  of  the  aggregate  and 
the  quantity  of  cement  are  no  longer  of  any  importance  except  in  so  far  as  these 
factors  influence  the  quantity  of  water  required  to  produce  a  workable  mix. 
This  gives  us  an  entirely  new  conception  of  the  function  of  the  constituent 
materials  entering  into  a  concrete  mix  and  is  the  most  basic  principle  which  has 
been  discovered  in  our  studies  of  concrete. 

The  equation  of  the  curve  is  of  the  form  : 

S=A/B^ (i) 

where  S  is  the  compressive  strength  of  concrete  and  x  is  the  ratio  of  the  volume 
of  water  to  the  volume  of  cement  in  the  batch,  A  and  B  are  constants  whose 
values  depend  on  the  quality  of  the  cement  used,  the  age  of  the  concrete,  and 
curing  conditions. 

This  equation  expresses  the  law  of  strength  of  concrete  so  far  as  the  pro- 
portions of  materials  are  concerned.  It  is  seen  that  for  given  concrete  materials 
the  strength  depends  on  one  factor  only — the  ratio  of  water  to  cement.  Equa- 
tions which  have  been  proposed  for  this  purpose  contain  terms  which  take  into 
account  such  factors  as  quantity  of  cement,  proportions  of  fine  and  coarse 
aggregate,  voids  in  aggregate  ;  but  they  have  uniformly  omitted  the  only  item 
which  is  of  any  importance,  the  water. 

The  relation  given  above  holds  so  long  as  the  concrete  is  not  too  dry  for 
maximum  strength  and  the  aggregate  not  too  coarse  for  a  given  quantity  of 
cement  ;  in  other  words,  so  long  as  we  have  a  workable  mix. 

For  the  conditions  of  these  tests  equation  (i)  becomes  : 

5  =  14,000/7' (2) 

Other  tests  made  in  this  laboratory  have  shown  that  the  character  of  the 
aggregate  makes  little  difference  if  it  is  clean  and  not  structurally  deficient.  The 
absorption  of  the  aggregate  must  be  taken  into  account  if  comparison  is  being  made 
of  different  aggregates. 

In  certain  instances  a  i  :  9  mix  is  as  strong  as  a  i  :  2  mix,  depending  only 
on  the  water  content.  The  strength  of  the  concrete  responds  to  changes  in  water, 
regardless  of  the  reason  for  these  changes. 

It  should  not  be  concluded  that  these  tests  indicate  that  lean  mixes  can  be 
substituted  for  richer  ones  without  limit.  We  are  always  limited  by  the  necessity 
of  using  sufficient  water  to  secure  a  workable  mix.  So  in  the  case  of  the  grading 
of  aggregates.  The  workability  of  the  mix  will  in  all  cases  dictate  the  minimum 
quantity  of  water  that  can  be  used.  The  importance  of  the  workability  factor 
in  concrete  is,  therefore,  brought  out  in  its  true  relation. 
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The  reason  a  rich  mix  gives  higher  strength  than  a  lean  one  is  that  a  workable 
concrete  can  be  produced  by  a  quantity  of  water  which  gives  a  lower  ratio  of  water 
to  cement.  If  an  excess  of  water  is  used  we  are  simply  wasting  cement.  Rich 
mixes  and  coarse,  well-graded  aggregates  are  necessary  as  ever,  but  we  now 
know  just  how  these  factors  affect  the  strength  of  the  concrete. 

Practical  use  maybe  made  of  the  curve  in  estimating  the  relative  strength 
of  concretes  in  which  the  water  content  is  different  for  any  reason.  For  example, 
a  concrete  mixed  with  7-5  gallons  of  water  (i  cu.  ft.)  to  one  sack  of  cement 
(allowance  being  made  for  absorption  of  aggregate)  gave  a  strength  in  this  series 
of  2,100  lb.  per  sq.  in.  (a;  =  i"oo).  For  ;v  =  o'8o  (6  gal.  of  w^ater  per  sack  of  cement) 
we  have  3,000  lb.  per  sq.  in.  ;  for  x=0''/5  (5*6  gal.)  3,300  lb.  per  sq.  in.  Concrete 
in  a  I  :  4  mix  (same  as  usual,  1:2:3  mix  with  a  coarse  sand)  should  be  mixed 
with  5  J  to  6  gal.  of  water  per  sack  of  cement. 

The  importance  of  any  method  of  mixing,  handling,  placing,  and  finishing 
concrete  which  will  enable  the  work  to  be  done  Mith  a  minimum  of  water  is 
at  once  apparent.  It  now  seems  that  practically  all  faulty  concrete  work  can 
be  traced  to  the  use  of  too  much  water. 

These  studies  lead  to  many  important  conclusions  with  reference  to  such 
topics  as  tests  of  cement,  tests  of  concrete  containing  admixtures,  etc.  Tests  of 
cement  from  this  viewpoint  have  been  under  way  several  weeks. 
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NOTES 

ON 

BUILDING 

CONCRETE 

VESSELS. 


For   the   folloiuing    abstract    of  an   article  by  Prof.   E.    Suenson,    of  Copenhagen,    in 
" Beton  u  Eisen,  "  ive  are  indebted  to  A.  B.  Searle. — ED, 


Porous  concrete  is  readily  attacked  by  sea  water,  so  that  in  the  construction  of 
ships  it  is  necessary  to  use  a  dense  concrete.  Further  protection  may  be  afforded 
by  coating  the  exterior  with  tar  or  asphalt.  The  objection  to  tar  is  the  ease  with 
.which  limpets,  barnacles,  etc.,  adhere  to  it.  (Possibh^  this  might  be  overcome  by 
suppling  a  coating  of  cement  or  gravel  on  the  surface  of  the  tar.) 

Concrete  vessels  may  be  constructed  either  (a)  on  an  inside  mould  or  core 
covered  with  the  reinforcement,  and  the  concrete  is  then  applied  until  the  latter 
is  suitably  embedded,  or  {b)  the  concrete  may  be  poured  between  two  shutterings 
which  form  the  mould.  On  the  whole,  the  second  method  gives  the  better  results, 
especially  if  the  concrete  is  well  tamped  so  as  to  remove  all  air  and  excess  of  water 
present  and  to  form  a  solid  and  dense  mass.  Such  a  texture  cannot  be  obtained 
by  thrownng  the  concrete  on  to  a  core,  as  in  such  a  case  any  air  present  remains 
in  the  concrete  and  the  excess  of  water  does  not  float  to  the  surface  of  the  mass. 

In  order  to  render  the  concrete  waterproof  a  water  repellant  must  be  added  to 
it  during  the  mixing,  or  the  surface  must  be  smoothed  and  a  waterproof  coating 
applied. 

The  walls  of  concrete  vessels  are  usually  so  thin  that  the  ordinary  calculations 
of  their  bending  moments  do  not  apply.  A  thickness  of  2|  in.  seems  to  be  quite 
serviceable,  even  in  the  largest  vessels,  but  smaller  craft  must  be  made  much 
thinner  on  account  of  the  weight  of  the  vessel.  The  minimum  satisfactory  thick 
ness  should  not  depend  on  any  calculation  as  to  the  blows  likely  to  be  received  by 
the  vessel  so  much  as  on  the  quality  of  the  concrete  and  the  possibility  of  intro- 
ducing it  into  the  mould. 

Where  the  moulding  can  be  satisfactorily  effected  a  thickness  of  \  in.  has  been 
proved  to  be  sufficient. 

The  use  of  supporting  irons  fixed  at  an  angle  of  45  degrees  to  the  horizontal 
and  arranged  in  pairs  at  right  angles  to  each  other  has  the  advantage  of  resisting 
oblique  tension  during  the  sideways  movement  of  the  vessel  better  than  the 
reinforcement  usually  adopted. 
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A  double  bottom  is  seldom  required,  and  it  adds  unnecessarily  to  the  weight 
of  the  vessel  as  well  as  preventing  an  investigation  of  the  state  of  the  concrete  in 
the  lower  portion. 

The  Danish  shipbuilders  have  a  rule  that  the  bottom  of  concrete  vessels  must 
resist  a  water  pressure  equal  to  that  of  the  greatest  depth  of  immersion  plus  i-40th 
of  the  length  of  the  vessel.  In  Norway  it  is  customary  to  make  the  bottom  strong 
enough  to  resist  the  water  pressure  at  twice  the  maximum  depth  of  immersion. 

Concrete  decks  should  be  able  to  carry  a  load  of  170  lb.  per  sq.  ft. 

Severe  tensional  strains  are  very  objectionable  in  concrete  vessels,  as  they 
tend  to  form  cracks  which  admit  water  to  the  reinforcement  and  cause  it  to  rust. 
At  present  there  is  no  reliable  basis  of  calculation  to  determine  the  conditions 
under  which  such  cracks  would  be  formed  in  the  largest  vessels.  In  smaller  ones 
the  problem  does  not  appear  to  be  serious. 

The  tensile  strength  and  shearing  stresses  permissible  in  the  reinforcement 
are  taken  at  14,000-16,800  lb.  per  sq.  in.  and  11,200-440  lb.  per  sq.  in.  respectively ; 
and  for  the  concrete,  maximum  load  is  taken  at  0"i-o'i4  of  the  crushing  strength, 
and  the  bending  strain  at  560  lb.  per  sq.  cm. 

It  is  not  reasonable  to  insist  that  the  strength  of  concrete  shall  be  based 
on  data  which  have  been  found  satisfactory  for  steel  vessels,  as  the  latter  are 
subject  to  rusting  and  other  factors  which  have  been  taken  into  account  when 
designing  them,  but  which  have  no  bearing  on  vessels  made  of  concrete.  Thus 
the  longitudinal  strength  of  a  vessel  is  based  on  the  assumption  that  its  main 
trochoid  has  an  axial  height  of  L-4-20. 

The  crosswise  strength  of  vessels  is  based  on  the  assumption  that  the  whole 
load  may  be  stowed  in  only  one  half  of  the  hold.  The  base,  side  walls,  and  deck 
are  often  designed  wHhout  much  regard  for  static  considerations,  as  there  are  so 
many  influences  exerted  on  vessels  when  afloat  which  render  rigid  static  calcula- 
tions unnecessary. 

In  barges  and  other  vessels  without  decks  it  is  usually  assumed  that  the 
bottom  and  sides  form  a  double-linked  framework  with  a  horizontal  shearing 
stress  (H). 

where  g  is  the  greatest  outwards  water  pressure  less  the  total  load  distributed 
over  half  the  length  of  the  vessel.  The  latter  is  taken  in  two 
separate  cases  :  (i)  where  the  load  is  placed  uniformly  in  the 
centre  of  the  vessel ;  (2)  where  the  load  is  placed  between  the 
centre  and  end  of  the  hold. 

b  is  the  width  at  the  bottom  of  the  vessel. 

h  is  the  height  of  the  vessel. 

a  is  half  the  difference  between  the  width  at  top  and  bottom  of  the 

vessel, 
s  is  the  sloping  height  (measured  along  the  side). 
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In  the  vessels  with  deck-supporting  bearers  it  is  assumed  that  the  latter  form 
a  double  linked  frame  with  the  sides.     In  this  case  : 

pi    /      / 


H=^  f  -2a 

3  + 


4A  I     -    .    2S 


I 

where  p  is  the  load  or  weight  unit  length  of  deck. 
/  is  the  width  of  the  deck. 
a  is  the  difference  between  the  greatest  and  smallest  widths  of  the 

vessel, 
s  is  the  sloping  height  of  the  vessel. 
Sea-going  vessels  more  than  120  ft.  in  length  require  to  be  made  much  stronger 
(up  to  double  the  bending  moments)  than  those  for  inland  water. 


PRODUCING    DENSE    CONCRETE. 

{Abstract  of  a  paper  by  Dr.  Vieser  in  "  Risen  u  Beton.") 

Contrary  to  the  common  opinion,  a  sand  with  grains  of  uniform  size  is  not  the 
best  for  concrete. 

The  most  satisfactory  sand  consists  of  a  mixture  of  coarse  grains  with  suf- 
cient  finer  ones  to  fill  the  interstices. 

The  determination  of  the  percentage  of  voids  in  a  dry-rammed  aggregate 
without  any  cement  is  of  no  value. 

The  best  mixture  for  general  work  consists  of  53  per  cent,  of  coarse  sand  with 
1/12  in. -J  in.  diam.,  47  per  cent,  of  fine  material  with  grains  less  than  J  in.  diameter. 

Grains  of  intermediate  sizes  are  not  satisfactory. 

The  finest  grains  of  sand  should  be  quite  clean  and  free  from  clay.  They 
should  be  ground  with  the  dry  cement  previous  to  use. 

There  appears  to  be  a  definite  percentage  of  cement  above  which  it  is  useless 
to  go,  as  the  concrete  is  not  improved.  This  maximum  point  is  about  30  per  cent. 
of  the  finished  concrete,  but  varies  with  different  aggregates. 

Crushed  stone  is  better  than  natural  sand,  as  the  grains  are  more  angular  and 
the  sand  sharper. 

To  secure  the  best  results  four  ingredients  are  recommended  : — 
{a)  Coarse  aggregate,  pebbles,  gravel,  etc. 
(&)  Coarse  sand  (1/12  in.-;^  in.  diam.). 

(c)  Very  fine  sand  (less  than  4  in.  diam.). 

(d)  Cement. 
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By  R.  J.  WIG  and  L.  R.  FERGUSON. 
III. 

Continued  from  March  issue.  The  question  of  the  behaviour  of  concrete  in  sea -water  is  one 
of  the  greatest  importance,  and  the  result  of  some  most  interesting  and  instructi-ve  examina- 
tions of  such  concrete  structures  has  recently  been  published  in  '  'Engineering  Netvs  Record, ' ' 
in  the  form  of  five  articles,  of 'which  toe  reprint  the  third  hereivith.  The  in-oestigations  ivere 
carried  out  by  Messrs.  P.  /•  Wig  'Bureau  of  Standards,  U.S.A.  i  and  L.  R.  Ferguson  of  the 
Portland  Cement  Association.  The  investigations  extended  over  a  period  of  tv)o  years,  during 
■which  l4o  different  structures  in  the  United  States  alone  -were  examined.  The  authors,  in  the 
course  of  this  article,  state: — "It  is  not  the  intention  to  demonstrate  that  concrete  cannot 
be  used  for  marine  structures.  On  the  contrary  it  is  their  opinion  that  it  is  a  most  economical 
material,  if  it  is  made  so  as  to  successfully  resist  sea  "water  action,  and  it  is  their  opinion 
that  it  can  be  made  so. ' ' — ED. 

The  majority  of  all  reinforced  concrete  marine  structures  on  the  American 
coasts  subjected  to  sea-water  action  are  noAV  showing-  evidences  of  deterioration 
or  failure  due  to  the  corrosion  of  the  embedded  reinforcement  above  the  water 
line. 

Only  after  the  most  careful  investigation,  aod  with  indisputable  evidence 
at  hand  to  substantiate  it,  do  the  authors  state  that  steel  embedded  in  first- 
class  concrete  to  a  depth  of  one  or  two  inches  in  accordance  with  existing 
theory  and  practice  is  not  perfectly  protected  against  corrosion  hy  sea-water 
action.  There  is  a  widespread  but  erroneous  belief  among  engineers  that  a 
comparatively  thin  coating'  of  concrete  will  protect  embedded  reinforcing  from 
corrosion.  This  view  is 
supported  by  the  leading 
authorities,  and  so  the 
average  engineer  cannot 
be  severely  censured  for 
following  a  'practice 
which  has  the  sanction 
of  those  whom  he  sup- 
poses to  be  well  versed 
in  the  subject.  For 
instance,  the  1917  report 
of  the  Joint  Committee 
on  Concrete  and  Re- 
in f  o  r  c  e  d  Concrete 
states  : — "  Tests  and  ex- 
perience indicate  that 
steel  sufficiently  em- 
bedded in  good  concrete 
is  well  protected  against 
corrosion       no       matter 
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whether  located  above  or  below  water  level.  It  is  recommended  that  such 
protection  be  not  less  than  i  in.  in  thickness."  This  also  represents  the 
opinion  of  the  authors  of  all  standard  works. 

Some  of  the  structures  examined  by  the  writers  are  not  a  year  old,  and 
the  oldest  is  but  ten.  Many  of  the  older  structures  show  sig'ns  of  advanced 
deterioration,  and  some  not  more  than  four  years  old  are  badly  affected,  while 
one  reinforced  concrete  pleasure  pier,  opened  to  the  public  in  July,  1916,  was 
found  to  be  seriously  affected  by  October  of  the  same  year.  Some  of  its 
members  are  shown  in  Fig.  14.  In  that  short  time  the  reinforcing-  had 
corroded  to  such  an  extent  that  spalling-  of  the  concrete  had  begun. 

In  many  instances  where  a  member  has  cracked  over  some  cf  the  rods 
the  cracking-  has  not  yet  developed  over  all  of  them — that  is,  one  corner  of  a 
beam  or  pile  may  be  cracked  while  the  other  corners  show  no  signs  of  fracture. 
This  is  due  to  the  fact  that  some  of  the  rods  are  embedded  a  little  deeper,  the 
concrete  is  somewhat  denser,  or  the  exposure  is  not  so  severe. 

A  number  of  reinforced  concrete  structures  were  found  which  were  not 
cracked  or  deteriorated,  but  most  of  these  were  not  over  two  or  three  years 
old.      One,  however,  was  ten  years  old. 

Undoubtedly  the  most  important  information  gaine-d  during  the  recent 
investigation  made  by  the  authors  was  the  true  condition  of  reinforced  concrete 
structures  subjected  to  the  action  of  sea  water,  and  the  cause  of  the  trouble. 
There  have  been  a  number  of  reports  and  articles  in  the  technical  Press 
describing  marine  structures  of  reinforced  concrete  which  have  shown  signs  of 
deterioration,  but  as  far  as  is  known  no  one  has  developed  the  real  conditions. 

Some  plausible  explanation  has  always  been  made  which  has  accorded  with 
the  existing  theory  that  reinforcing  is  amply  protected  against  corrosion  when 
embedded  to  a  depth  of  i  or  2  in.  in  concrete  of  good  quality.  These  articles 
have  described  structures  in  widely  separated  localities,  so  it  is  evident  the 
same  forces  are  at  work  wherever  there  is  sea  water,  and  the  trouble  is  not 
confined  to  any  particular  part  of  the  countr)-.  The  effect,  however,  is  much 
more  prono'unced  in  some  localities  than  in  others,  and  certain  conditions  greatly 
accelerate  the  action.  The  temperature,  exposure  conditions,  quality  of 
concrete,  and  depth  of  embedded  metal  all  influence  the  rapidity  of  deteriora- 
tion. Some  of  the  reinforced  concrete  structures  examined  by  the  authors 
show  only  slight  signs  of  deterioration  after  six  or  seven  years  of  exposure, 
while  others  are  practically  failures  within  four  years  of  the  time  they  were 
built. 

Usually  the  corrosion  of  reinforcing  is  attributed  to  the  poor  quality  of  the 
concrete.  Porous  concrete  does,  of  course,  offer  less  protection  to  the 
embedded  metal,  and  coirosion  will  be  more  rapid  in  such  cases.  Reinforcing 
win,  however,  corrode  under  certain  exposure  conditions  in  a  few  years,  even 
when  the  concrete  is  of  excellent  quality. 

There  is  a  reinforced  concrete  quay  wall  or  wharf  on  the  south  Atlantic 
coast  which  was  built  in  1912  which  illustrates  this.  The  design  consists  of 
pre-cast  reinforced  concrete  piles  supporting  a  reinforced  concrete  deck.  The 
concrete  for  the  piles  was  a  i  :  li  :  3  mix,  so  wet  that  the  rods  were  thoroughlv 
coated.      The  ingredients  were  of  excellent  quality,  and  the  concrete  was  mixed 
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and  placed  as  well  as  if  not  better  than  the  usual  practice.  Fig.  15  shows 
one  of  the  cracked  piles  and  a  section  of  concrete  showings  its  g-ood  quality. 
When  this  wharf  was  examined  in  1916  it  was  found  that  60  per  cent,  of  the 
piles  were  cracked  at  the  corners,  and  in  many  cases  the  reinforcing  was 
exposed. 

There  is  another  pier  along  the  Atlantic  coast,  built  ten  years  ago,  which 
consists  of  pre-cast  concrete  piles,  but  here  a  wood  deck  was  used.  The 
concrete  for  the  piles  was  of  good  quality.  In  this  pier  there  are  about  2,500 
piles,  and  nearly  every  one  is  cracked  or  spalled.  Fig.  15  shows  seme  of  the 
piles. 

In  the  Philippine  Islands  many  of  the    reinforced  structures  have  cracked 


Fig.  15.    Concrete  is  of  excellent 
nualitv    as    shown    in   upper    illl's- 
tration,     but      corrosion    of    rein- 
FORCEMENT CAUSED  Cracking. 


to  such  an  extent,  due  to  the  corrosion  of  the  metal,  that  they  have  caused 
serious  apprehension.  The  explanation  advanced  by  J.  L.  Harrison,  at  one 
time  district  engineer  at  Iloilo,  P.  I.,  in  an  article  in  Concrete,  March,  1917,  is 
that  the  trouble  is  caused  by  the  use  of  sea  water  in  mixing  the  concrete. 

Mr.  Harrison  came  to  this  conclusion  largely  by  analysing  specimens  of 
concrete  which  had  cracked,   and  in   these  he  found  an  appreciable  amount  of 
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chlorine.  He  was  on  the  right  track,  but  the  chlorine  did  not  come  necessarily 
from  the  salt  in  the  water  used  in  mixing-  the  concrete,  and,  moreover,  the 
conditions  he  observed  would  without  doubt  have  occurred  had  the  concrete 
been  gauged  with  fresh  water.  He  is  also  in  error  in  assuming  "  that  on  the 
whole  the  conditions  in  the  Philippine  Islands  are  so  different  from  those  which 
prevail  in  temperate  climates  that  the  results  there  (in  the  L'nited  States) 
obtained  are  not  a  reasonable  criterion  of  what  must  be  expected  here." 

Exactly  the  same  phenomena  are  occurring  in  America,  and,  in  fact, 
everywhere  that  concrete  is  exposed  to  sea  water.  Under  warm,  humid  con- 
ditions the  action  is  much  more  severe  and  rapid ;  but  more  or  less  rapidly  the 
destructive  action  is  in  progress  everywhere. 

SALT  WATER  GAUGING  NOT  THE  CAUSE  OF    FAILURE. 

That  the  gauging  of  the  concrete  with  sea  water  or  the  use  of  aggregate 
impregnated  with  salt  water  is  not  the  primary  or  underlying  cause  of  the 
corrosion  of  the  embedded  reinforcing  is  shown  by  the  fact  that  in  many  of 
thei  structures  examined  the  concrete  was  mixed  with  fresh  water  and  the 
aggregates  were  free  from  contact  with  salt  water.  This  was  true  of  the  two 
piers  first  referred  to  where  very  extensive  cracking  has  occurred.  During  the 
investigation  made  by  the  authors  one  of  the  matters  given  particular  attention 
was  the  possible  use  of  salt  water  in  gauging  the  concrete,  and  the  statement 


Fig.  15.     Pre-Cast  Piles  cracked  above  high  water  fro.m   Rusted  Steel. 

can  be  made  with  assurance  that  the  prevailing  corrosion  of  metal  embedded  in 
concrete  cannot  be  attributed  to  the  use  of  sea  w-ater  in  mixing,  for  with  few 
exceptions  American  structuies  have  been  built  with  fresh  water. 

It  has  been  suggested  that  close  proximity  of  the  reinforcing  rods  to  the 
surface  has  produced  corrosion.  In  an  article  in  Engineering  Record  of 
January  25th,  1908,  p.  105,  there  is  a  description  of  a  reinforced  concrete 
building  wihich  was  torn  down  six  years  after  erection.  Here  it  was  found 
that  corrosion  of  the  reinforcing  had  occurred  in  the  columns  where  the  hoops 
were  closer  than  f  in.  to  the  surface,  and  the  necessity  of  keeping  the  steel 
"  at  least  f  in.  from  the  surface  "  is  pointed  out. 

In  passing  it  might  be  noted  that  the  difference  between  f  in.  and  i  in. 
of  covering  which  the  Joint  Committee  recommends  as  giving  p>erfect  protec- 
tion against  corrosion  is  a  very  small  margin  of  safety.  As  a  matter  of  fact, 
however,   neither  f   in.,    i    in.,  nor,   in   many  cases,  even  3   in.   of  concrete  will 
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ensure  the  embedded  reinforcing-  ag^ainst  corrosion  in  marine  structures.  In  a 
number  of  the  piles  of  the  pier  previously  mentioned  where  the  concrete  was 
proportioned  i  :  i^  :  3  it  was  observed  that  some  of  the  rods  which  had  spalled 
off  the  concrete  were  embedded  2^  in.  (see  Fig.  15)  and  were  badly  corroded, 
and  in  many  other  structures  where  advanced  corrosion  of  the  reinforcing 
was  found  the  metal  was  embedded  more  than  2  in.  When  the  metal  is  near 
the  surface  it  will  corrode  much  more  rapidly  than  when  embedded  to  a  greater 
depth,  but  the  thickness  of  covering  must  be  much  more  than  has  been 
commonly  supposed. 

Perhaps  the  most  popular  theory  of  the  cause  of  corrosion  of  metal 
embedded  in  concrete  is  that  of  electrolysis.  A  few  years  ago  this  \\  as  the 
explanation  advanced  for  practically  all  the  ills  of  reinforced  concrete,  and  In 
some  cases  it  was  made  to  apply  to  plain  concrete  also.  Naturally  the 
corrosion  of  reinforcing  in  marine  structures  was  attributed  to  this  cause,  and 
a  number  of  cases  were  diagnosed  as  electrolysis  with  little  more  than  a  super- 
ficial examination.  In  other  cases  the  examination  has  been  carefully  made, 
but  lack  of  any  better  explanation  than  that  of  electrolysis  and  the  firmly  fixed 
idea  that  i  or  2  in.  of  concrete  thoroughly  protects  the  reinforcing  from 
corrosion  have  led  the  investigators  to  adopt  this  theory. 

This  seems  to  have  been  the  case  in  the  second  report  of  the  Committee  on 
Reinforced  Concrete  of  the  British  Institution  of  Civil  Engineers.  This  repK>rt 
contains  descriptions  of  a  number  of  reinforced  concrete  structures  subject  to 
sea-water  action.  Most  of  these  show  extensive  cracking  of  the  concrete  along 
the  lines  of  the  reinforcing  rods.  The  suggestion  is  made  that  the  trouble 
arises  from  several  causes — closeness  of  metal  to  the  surface,  improper  placing 
of  concrete,  causing  porous  sections,  and  lack  of  bond  along  the  plane  of 
reinforcing — but  if  there  is  electric  current  near  the  structure  it  is  made  to  take 
a  large  part  of  the  responsibility  for  the  failure. 

There  probably  have  been  some  instances  where  electrolytic  action  caused 
the  corrosion  of  reinforce- 
ment in  marine  concrete 
structures,  but  such  cases 
are  very  infrequent,  and 
the  effect  from  this  action 
is  different  in  one  very 
marked  particular  from 
that  which  is  occurring  in 
practically  all  reinforced 
concrete  in  sea  water 
which  is  deteriorating. 

The  cracking  of  the 
concrete  in  sea  water 
always  starts  above  the 
high-water  lim,  although 
it  may  extend  a  little  below  this  point  as  corrosion  develops.  \'ery  seldom  is  it 
found  to  go  down  as  far  as  the  elevation  of  low  water,  and  then  only  when  the 
reinforcing  is  deeply  embedded  so  that  the  spalling  effect  extends  a  considerable 
distance  below  where  the  metal  is  affected. 

+  14. 


Fii,    1"      This  Pile  WAS  ON  Beach  HIGH  ABOVE  WATER.  BUT 

ckackhd    from     porous    percolation    and    subsequent 

Corrosion. 
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This  condition  was  also  noted  in  the  report  of  the  British  Institution,  and 
it  effectually  disposes  of  the  electrolytic  theory.  In  all  the  experiments  made 
to  determine  the  action  of  electric  current  on  reinforced  concrete  it  has  been 
found  that  cracking-  due  to  the  corrosion  of  the  reinforcing-  starts  where  the 
current  leaves  the  rods.  Therefore  if  electrolysis  were  the  cause,  the  corrosion 
and  cracking  must  occur  below  the  elevation  of  high  water,  where  the  current 
leave--  the  metal.  In  a  reinforced  concrete  marine  structure  in  which  the  cor- 
rosion and  deterioration  do  not  extend  below  the  water  line  electrolysis  cannot 
possibly  be  the  cause.  For  this  reason  also  the  corrosion  of  the  reinforcing 
referred  to  in  the  report  of  the  British  Institution  cannot  be  caused  by  electro- 
lysis, for  it  is  stated  that  the  cracking  of  the  concrete  occurs  above  the  level  of 
high  water. 

At  Long  Beach,  Calif.,  a  large  number  of  reinforced  concrete  piles  were 
cast  in  191 1,  the  intention  being  to  use  them  in  constructing-  a  pier.  After  the 
piles  were  cast  the  work  Wias  stopp>ed.  The  concrete  piles  have  remained  where 
they  were  cast,  about  50  ft.  from  the  shore,  without  covering  and  without  any 
electric  current  near  them.  The  tide  never  rises  high  enough  to  reach  the 
piles,  and  so  they  are  constantly  dry  except  from  such  wetting  as  they  get 
during  the  rainy  season.  Evideintly  the  piles  were  moulded  in  two  operations, 
one  set  being  of  a  little  better  quality — apparently  because  of  the  use  of  a  some- 
what drier  consistency  of  concrete. 

Practically  every  one  of  the  set  made  from  the  very  wet  concrete  has 
cracked.  [I'ig-  i/-)  Cracking  has  not  yet  developed  in  the  set  made  of  the 
drier  concrete.  Certainly  electrolysis  cannot  possibly  be  the  cause  of  the 
corrosion  of  the  reinforcing  rods.  Fresh  water  was  used  in  mixing  the 
concrete. 

Another  very  good  bit  of  evidence  that  corrosion  of  reinforcing  with 
resultant  cracking  of  the  concrete  is  not  due  to  electrolysis  was  found  in  one 
of  the  rivers  emptying  into  the  Atlantic  Ocean.  At  the  mouth  of  the  river 
there  is  practically  undiluted  sea  water.  About  fifteen  miles  from  the  mouth 
the  water  is  just  perceptibly  brackish,  and  ten  miles  farther  up  the  river  the 
water  is  fresh.  In  this  river  there  are  more  than  twenty-five  beacon  lights,  and 
these  extend  from  the  mouth  to  a  point  beyond  where  the  fresh  watei  is  always 
found.  The  supports  for  these  lights  consist  of  four  pre-cast  reinfoixed  concrete 
piles  supporting  a  reinforced  concrete  slab  deck  to  which  is  attached  the  super- 
structure, consisting  of  steel  members  or  pipes  in  the  form  of  a  tower.  This 
supports  the  beacon  light.  All  of  these  lights  burn  gas  or  oil,  and  none  of 
them  is  operated  by  electricity;  nor  is  there  any  electric  current  near  them.  In 
all  cases  the  deck  slab  is  at  least  6  ft.  above  the  high-water  line,  and  in  a 
number  of  the  structures  it  is  10  or  12  ft.  above  this  point.  Knee  braces  were 
used  frequently  to  stiffen  the  deck  slab. 

A  very  careful  examination  of  these  structures  showed  that  not  one  of  those 
situated  in  fresh  water  was  cracked  or  deteriorated.  Holes  drilled  through 
the  concrete  into  the  reinforcement  proved  that  no  corrosion  whatever  had 
occurred.  On  the  other  hand,  every  structure  below  the  point  wheie  brackish- 
ness  of  the  water  could  be  detected  was  cracked  from  the  corrosion  of  the 
reinforcing,  the  action  being  markedly   more  severe  as  the  salt  content  of  the 
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water  increased.  All  of  these  structures  were  built  about  the  same  time,  during 
1912  and  1913,  by  the  same  contractor.  The  same  materials  were  used  for  the 
concrete  for  all  the  structures,  and  it  was  of  excellent  quality.  It  might  be 
mentioned  also  that  fresh  water  was  used  in  gauging-  the  concrete.  All  the 
cracking  was  above  the  water  line,  and  in  many  of  the  structures  the  deck  slab 
and  knee  braces  are  the  most  affected. 

Undoubtedly  the  real  cause  of  the  trouble  is  the  accumulation  of  salts  in 
the  pores  of  the  concrete  above  the  water  line  by  capillarity  and  evap>oration 
and  the  absorption  by  the  concrete  of  air  carrying  very  minute  particles  of  sea 
water.  Moisture  in  this  form  is  transported  by  the  wind  a  much  greater 
distance  than  is  usually  believed.  This  is  shown  by  the  presence  of  chlorine 
in  the  form  of  sodium  chloride.  If  the  moisture  from  the  sea  were  simply  in 
the  form  of  water  vapour  from  evaporation  there  would  be  no  salt  found  in  the 
atmosphere.  The  studies  made  on  this  subject  by  the  United  States  Geological 
Survey  indicate  that  finely  divided  salt  spray  from  the  ocean  is  carried  by  the 
air  a  distance  of  many  miles  inland.  This  probably  accounts  for  the  sodium 
chloride  Mr.   Harrison  found  in  some  of  the  concrete  in  the  Philippine  Islands. 

Chlorine  and  oxygen  together  form  a  very  active  corroding  agent.  Of 
course,  this  has  long  been  known,  but  what  w'e  did  not  before  appreciate  was 
that  the  salt  air  could  penetrate  concrete  to  anything  like  the  depth  it  really 
does. 

When  steel  corrodes  it  occupies  about  twice  its  previous  vclume.  The 
expansive  force  thus  developed  by  metal  embedded  in  concrete  is  enormous, 
and  the  concrete  is  soon  stressed  sufficiently  to  cause  cracking. 

The  question  has  been  raised  as  to  whether  the  cracking  comes  first  and 
the  corrosion  is  a  secondary  action  which  in  turn  further  develops  the  cracking, 
or  whether  the  primary  cause  of  the  trouble  is  the  corrosion  of  the  reinforcing, 
with  cracking  as  a  secondary  action.  Of  course,  if  structural  cracks  occur, 
local  corrosion  of  the  embedded  metal  may  be  accelerated.  A  number  of  con- 
ditions were  observed,  however,  which  seem  to  furnish  conclusive  evidence  that 
structural  cracking  is  not  the  fundamental  cause  of  the  trouble,  but  that  the 
reinforcing  corrodes  first  and  this  causes  the  concrete  to  crack.  The  cracking 
is  always  along  the  lines  of  reinforcing,  and  very  frequently  no  other  cracks 
could  be  found  in  the  member.  It  seems  probable  that  if  cracking  had  started 
first  it  would  be  more  widely  distributed. 

Usually  when  a  pile  is  affected  all  four  corners  tend  to  spall,  and  if  one 
pile  in  a  structure  is  cracked  many  others  will  be  found  in  a  sim.ilar  condition, 
and  the  beams  and  slabs,  if  of  reinforced  concrete,  will  also  be  cracked.  It  is 
conceivable  that  in  removing  the  forms  from  a  pile  a  corner,  if  the  concrete  is 
green,  may  be  slightly  cracked ;  but  it  is  not  probable  that  all  four  comers 
would  be  cracked,  and  it  is  still  less  probable  that  such  careless  work  should 
be  done  throughout  the  structure.  As  a  matter  of  fact,  most  of  the  structures 
which  were  examiined  and  found  cracked  were  built  by  competent,  experienced 
contractors  under  rigid  inspection.  During  the  construction  of  one  of  the  piers 
referred  to  in  the  early  part  of  this  article,  in  which  cracking  has  been  very 
extensive,  one  of  the  authors  had  an  opportunity  personally  to  observe  the 
work   during  construction.      It  was   done   quite  as  well    as    if   not    better   than 
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is  usually  the  case;   in  fact,   the  firm  which  had   the  contract   is  noted  for  the 
excellent  quality  of  its  Avork. 

PILE  FAILURES   NOT  DUE  TO   SHATTERING. 

It  has  been  suggested  that  the  cracks  in  concrete  piles  are  caused  by 
shattering  of  the  head  during  driving.  This  cannot  be  the  case,  for  most 
frequently  the  cracking  does  not  extend  to  the  top  of  the  pile,  and  many  of 
the  piles  observed  were  jetted  into  place. 

There  is  one  pier  in  the  southern  Atlantic  which  is  supported  on  Braxton 
piles.  These  piles  are  made  with  a  heavy  cast-iron  shoe  at  the  bottom  which 
projects  beyond  the  shaft  of  the  pile.  The  pile  is  driven  by  means  of  a  sleeve 
which  is  threaded  o\er  the  concrete  and  rests  on  the  shoe,  so  that  the  driving  is 
done  on  the  shoe  and  not  on  the  concrete.  A  number  of  piles  in  this  wharf  are 
cracked  over  the  reinforcement. 

Of  course,  the  cracking  of  beams  and  slabs  cannot  possibly  be  accounted 
for  in  this  way.  If  the  cracking  is  the  first  action  which  takes  place  it  is  most 
probable  that  some  indication  of  this  action  would  have  been  observed  in  the 
beacons  in  fresh  water  previously  referred  to.  As  was  stated  before,  no 
evidence  of  cracks  in  the  concrete  could  be  observed  in  these.  In  most  cases 
the  cracking  stops  at  the  high-water  line  or  a  little  below  it.  This  is  a  striking 
characteristic  of  the  phenomenon.  It  is  inconceivable  that  if  the  cracks 
occurred  first  they  would  always  be  in  the  same  place.  The  supp>osition  that 
the  corrosion  of  the  metal  is  originally  caused  by  cracks  in  the  concrete  must  be 
dismissed.     The  metal  first  corrodes  and  then  the  concrete  cracks. 

It  is  very  significant  that  the  cracking  does  not  extend  below  the  high- 
water  line.  The  reason  for  this  is  probably  because  the  air  does  not  .as  readily 
penetrate  the  concrete  below  this  point. 

METHODS  OF  PREVENTING   DETERIORATION. 

Just  how  to  o\ercome  the  widespread  deterioration  of  reinforced  concrete 
caused  by  the  corrosion  of  the  embedded  metal  is  a  difficult  problem,  .and  the 
exact  treatment  and  method  to  be  followed  will  depend  upon  the  exposure  con- 
ditions, design,  and  location  of  the  structure.  The  use  of  rods  of  smaller 
diameter  seems  to  have  a  beneficial  effect.  Increasing  the  distance  of  the 
reinforcing  from  the  surface  also  assists  greatly  the  resistance  to  corrosion. 
In  pre-cast  piles  the  added  weight  due  to  increasing  the  covering  of  concrete 
over  the  reinforcing  must  be  considered.  In  many  cases  the  stresses  due  to 
bending  after  the  pile  is  in  position  are  not  great  above  the  water  line.  This 
condition  may  be  taken  advantage  of  in  designing  concrete  piles  for  marine 
structures.  For  instance,  the  vertical  reinforcing  may  be  bent  in  toward  the 
centre  at  a  point  a  little  below  the  water  line.  Usually  ample  strength  in 
flexure  can  be  provided  by  care  in  the  design,  and  the  vertical  bearing  strength 
of  the  pile  will  be  but  slightly   diminished. 

In  many  concrete  structures  the  members  arc  considerably  over-reinforced. 
This  is  especially  true  of  piles.  Every  effort  should  be  made  to  diminish  the 
amount  of  reinforcing,  and  if  at  all  possible  a  design  should  be  adopted  which 
eliminates  the  metal  entirely  for  the  work  above  water.  Perhaps  gravitv  sec- 
tions and   massive  work   will  cost  more   in  the   first   place,  but  the   additional 
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expenditure  will  ultimately  prove  an  economy  unless  special  precautions  arc 
taken  to  ensure  the  reinforcing^  against  corrosion.  Frequently  a  combination 
of  reinforced  concrete  below  the  water  line  with  plain  section  above  will  prove 
best. 

If  the  reinforcing  is  made  non-corrosive  by  galvanising  in  the  vulnerable 
part  of  the  structure — that  is,  above  water — the  destructive  action  of  the 
moist  .air  will  be  prevented  or  greatly  lessened,  and  the  life  of  the  structure 
materially  increased.  Painting  or  impregnating  of  the  exposed  parts  of  a 
concrete  structure  will  be  at  best  only  a  temporary  expedient  unless  better 
materials  can  be  found  thain  those  now  at  hand. 

PROPER  DESIGN  DIFFICULT  TO   MAKE. 

The  prof)er  methods  to  be  pursued  and  the  design  to  be  adopted  to  prevent 
the  deterioration  of  reinforced  concrete  subjected  to  sea-water  action  depends 
upon  a  number  of  conditions,  such  as  the  type  of  structure,  its  purpose,  the 
severity  of  exposure  and  the  climatic  conditions.  The  latter  consideration  has 
considerable  influence.  In  warm,  humid  climates  the  corrosion  of  the  reinforc- 
ing and  the  consequent  cracking  of  the  concrete  proceeds  much  more  rapidly 
than  in  cool  climates  where  the  amount  of  moisture  in  the  atmosphere  is  less. 
It  is  an  interesting  fact  that  reinforced  concrete  is  subject  to  most  rapid  attack 
in  localities  where  plain  concrete  is  but  slowly  affected  by  sea-water  action, 
and  where  the  concrete  itself  is  most  rapidly  disintegrated  the  corrosion  of  the 
reinforcing   proceeds  more   slowly. 
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SOME  ASPECTS  OF 

JOINTS  &  ANCHORAGE 

OF  REINFORCEMENT. 


By 

R.  P.  MEARS.AM.Inst.C.E.,M.C.I.. 

Bombay 

The    folloiving  notes  ana   diagrams   regarding  some  tests    undertaken    in    India    on 
steel  bars  ivill,  no  doubt,  be  of  interest  to  engineers  generally.— ED. 


Bars  of  upwards  of  30  ft.  in  length  are  difficult  and  often  costly  to  handle,  espe- 
cially abroad  where  freight,  cartage,  and  storage  have  all  to  be  taken  into  con- 
sideration, and,  further,  such  lengths  are,  as  a  general  rule,  not  often  required, 
and  are  very  awkward  to  stock.  In  beams  of  any  considerable  span,  especially 
when  it  is  convenient  to  turn  up  bars  for  shear  and  to  continue  them  for  negative 
moment,  and  in  any  unusual  class  of  work,  such  as  concrete  lattice  girders,  and 
the  like,  bars  up  to  60  ft.  or  more  in  length  may  be  required  ;  also  in  the  tension 
boom  of  a  lattice  girder,  where  the  concrete  dimensions  are  small  in  comparison 
to  the  number  of  bars  to  be  bedded,  very  long  bars  may  be  necessary,  and  joints 
in  such  tension  members  may  present  some  difficulty. 

In  the  L.C.C.  regulations  welding  is  distinctly  discouraged,  while  in  the 
R.I.B.A.  second  report  of  191 1  welding  is  permitted  only  if  it  is  really  found 
necessary.  In  the  opinion  of  the  ^\Titer  these  regulations  are  somewhat  severe, 
as  regards  ordinary  mild  steel  round  bars,  for  it  appears  that  so  long  as  welds  are 
carefully  made  and  inspected  before  being  inserted  in  the  work,  and  so  long  as 
the  individual  welds  are  carefully  arranged  as  to  position  so  as  to  be  well  staggered 
and  not  to  occur  at  points  of  maximum  stress,  and,  if  necessary,  one  or  more 
additional  bars  be  put  in  over  and  above  the  number  theoretically  required  to  do 
the  work,  there  should  be  no  possible  grounds  for  prohibiting  their  use.  The 
writer  has  tried  both  hand  and  oxy-acetylene  welding  in  ordinary  round  mild 
steel  bars,  and  has  found  little  difference  between  the  two  ;  a  good  parallel  weld 
should  break  at  not  less  than  85  per  cent,  of  the  strength  of  an  unwelded  specimen; 
and  if  the  weld  be  swelled  up  so  as  to  present  a  greatly  enlarged  section,  this 
portion  should  prove  stronger  than  the  bar — that  is  to  say,  when  a  specimen  is 
tested  consisting  of  a  weld  swelled  to  some  50  per  cent,  or  more  in  excess  of  its 
net  area,  the  specimen  if  tested  to  destruction  should  break  anywhere  in  its  length 
other  than  at  the  welded  portion.  The  writer  has  selected  man\-  welds  which 
showed  signs  of  being  cracked,  and  were,  therefore,  cut  out  as  being  unfit  for  use, 
the  worst  cases  have  failed  at  about  75  per  cent,  of  the  strength  of  the  bar,  or 
about  300  per  cent,  of  the  ordinary  working  stress  of  16,000  lb.  per  sq.  in.,  and  this 
appears  to  justify  a  maximum  stress  not  exceeding  12,000  lb.  per  sq.  in.,  measured 
on  the  net  sections  of  the  bar  at  the  point  of  weld.  Numerous  tests  on  welds 
have  been  made  by  Messrs.  Marsland,  Price  &  Co.,  reinforced  concrete  specialists, 
Bombay,  under  the  author's  supervision  at  the  chain-testing  laboratory  of  the 
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Bombay  Port  Trust,  and  independently  by  the  Professors  of  the  Poona  Engineering 
College,  to  whom  the  author  takes  this  opportunity  of  expressing  his  indebtedness. 

The  accompanying  diagrams  {Figs,  i  to  5)  show  numerous  attempts  to  obtain 
some  data  as  to  the  reliability  of  joining  bars  inside  a  concrete  block  by  means  of 
lapping,  hooked  ends,  split  ends,  and  ends  anchored  over  pins,  but  all  proved 
unsatisfactory,  the  best  failing  at  roughly  250  per  cent,  of  the  working  stress, 
the  section  of  the  concrete  block  was  not  in  excess  of  9  in.  by  9  in.,  in  order  that 
it  might  be  accommodated  in  the  testing  machine,  and  for  similar  reasons  the 
length  had  to  be  limited  ;  this  block  of  concrete  was  taken  to  represent  the  tension 
boom  of  a  lattice  girder — the  concrete  in  each  case  was  of  a  i  :  2  :  4  mix,  and  not 
less  than  twenty-eight  days  old.  The  tests  showed  that  any  such  method  of 
joining  bars  in  a  limited  concrete  section  is  very  unreliable. 

Figs.  6  to  II  are  tests  on  single  bars  lapped  over  pins  without  being  encased 
in  concrete  and  proved  that  such  a  method  of  anchorage  has  some  value,  more 
perhaps  than  would  be  expected. 

Figs.  12  to  15  show  that  bars  may  be  successfully  anchored  if  bent  round 
over  pins  with  a  returned  end  of  some  considerable  length,  and,  as  in  no  instance 
did  any  of  the  bars  tested  break  where  turned  over  the  pins,  it  proves  that  a  bar 
anchored  in  this  manner  may  be  worked  at  its  full  working  stress.  That  is  to 
say  that  the  rods  in  the  diagonal  tension  members  of  lattice  girders  may  be 
stressed  to  their  full  working  load,  provided  that  they  are  hooked  over  pins,  and 
have  a  returned  end  of  length  not  less  than  about  twenty  diameters,  the  pins 
also  should  exactly  fit  the  curve  of  the  bend  in  the  bar.  It  is  desirable  that  the 
diameter  of  the  pin  be  in  excess  of  the  diameter  of  the  bar  to  be  anchored,  all 
bends  being  carefully  inspected  before  insertion  in  the  work. 
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THE  CONCRETE  INSTITUTE. 

REINFORCED    CONCRETE    SHIPS. 

By     A.     ALBAN     H.     SCOTT,    V.P.    Society    of    Architects. 

The  following  is  an  abstract  from  a  paper  read  before  the  Concrete  Institute  on  May  gth — 
the  author  illustrated  his  paper  by  a  number  of  interesting  slides.  A  short  report 
of  the  discussion  which  followed  is  also  given. 

During  the  period  of  the  -war  the  value  and  adaptabiUty  of  reinforced  concrete  for  a 
large  variety  of  purposes  have  often  been  demonstrated,  and  at  last  a  serious  trial  is 
being  given  to  it  for  the  construction  of  boats,  which,  if  at  all  encouraging  in  results, 
Avill  open  up  an  almost  illimitable  field  for  the  future. 

The  work  done  by  the  Concrete  Institute  on  the  L.C.C.  Regulations  in  their  draft 
form  and  since  ought  to  be  of  considerable  assistance  in  the  study  of  ship  construction 
in  reinforced  concrete. 

Portland  cement,  the  most  important  ingredient  of  concrete,  is  no  new  material 
to  the  steel  shipbuilder,  as  it  has  for  a  long  time  been  used  as  a  substitute  for  paint  or 
as  a  paving  which  protects  the  plating  from  attrition  and  corrosion.  In  certain  parts 
of  a  steel  ship,  where  oil  paint  would  be  difficult  to  apply,  cement  wash  has  been  used 
for  a  number  of  years.  The  uses  to  which  Portland  cement  and  concrete  have  been 
put  in  steel  ships  and  the  functions  performed  by  such  material  are  simple  compa,red 
with  those  involved  in  reinforced  concrete  ships,  and  the  rich  proportions  used  up  to 
the  present  time  have  probably  had  some  influence  in  deciding  upon  rich  mixtures 
for  the  reinforced  concrete  ships.  Concrete  intended  for  reinforced  work,  however, 
serves  a  purpose  so  entirely  dissimilar  that  the  former  proportions  have  no  relation 
to  the  proportions  used  for  the  reinforced  concrete  work. 

The  approximate  number  of  bars  in  a  reinforced  concrete  vessel  (same  D.W.) 
would  be  52,000. 

As  in  all  new  forms  of  construction,  a  large  number  of  suggestions  are  being  put 
forward  for  the  combination  of  reinforced  concrete  with  other  materials. 

Serious  proposals  have  been  put  forward,  of  which  the  following  are  typical : — 
T.  The  bottom  and  upper  decks  being  constructed  in  reinforced  concrete 

with  connecting  frames  of  the  same  material,  but  the  sides  of  the  hull  formed  of 

steel  or  wood  or  a  combination  of  these  materials. 

2.   For  constructing  certain  portions  of  the  vessels  with  unit  parts  by  applying 

slabs  of  concrete  (as  plates  of  steel  are  applied),  at  the  same  time  endeavouring 

to  obtain  monolithic  construction. 

THE    TESTING    OF   MATERIALS. 

Mr.  Campbell  Holmes  stated  in  his  book  that  the  quality  of  cement  is  not  often 
tested  in  the  shipyard,  and  "  it  is  not  unlikely  that  where  small  quantities  are  indirectly 
supplied  much  of  it  may  be  inherentlv  bad,  which  may  not  be  discovered  for  years 
afterwards. " 
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The  testing  of  materials  for  reinforced  concrete  ships  is  one  of  extreme  importance, 
and  the  Concrete  Institute's  report  on  this  subject  should  be  carefully  studied.  The 
■whole  of  this  report  is  applicable  to  shipwork,  except  that  the  maximum  size  of  the 
coarse  material  requires,  in  the  opinion  of  the  author,  to  be  reduced  to  |  in. 

Additional  tests  are  desirable  as  to  the  impermeability  of  concrete,  and  also  as 
resistance  to  shock. 

Although  a  large  amount  of  experimenting  and  testing  on  reinforced  concrete  has 
been  carried  out,  much  remains  unknown  when  compared  with  ascertained  data  from 
research  work  undertaken  on  other  materials,  and  until  additional  research  is  under- 
taken it  seems  to  be  inviting  disaster  to  use  a  very  thin  concrete  of  ver^'  rich  mixtures 
for  shipbuilding  work  without  more  knowledge  of  the  true  properties  of  one  of  the 
most  important  materials  we  are  dealing  with. 

The  necessity  for  checking  the  strength  of  the  concrete  immediately  after  placing 
in  position  is  so  important  that  probably  the  artificial  seasoning  of  concrete  specimens 
by  steam  under  pressure  will  have  to  be  resorted  to  in  ship  construction,  as  by  this 
means  any  weakness  can  be  more  quickly  discovered.  Much  work  remains  to  be 
done  before  this  accelerated  "  ageing  "  test  can  be  considered  to  afford  standardised 
data  for  guidance. 

PROPORTION  OF  CEMEXT  IN'  CONCRETE. 

It  would  appear  that  the  tendency  regarding  ship  construction  is  to  increase  the 
proportion  of  cement  in  the  concrete  for  the  purpose  of  obtaining  additional  strength 
and  thus  reducing  the  amount  of  concrete  required.  There  is,  comparatively  speaking, 
little  known  on  the  question  of  concrete  with  its  ordinary  mixture  equivalent  to  about 
3-5-10,  but  there  is  less  reliable  information  on  concretes  of  very  rich  mixtures,  except 
it  is  well  established  that  the  expansion  and  contraction,  with  consequent  liability  to 
hair-cracks,  are  much  more  pronounced  in  the  richer  mixtures  than  in  the  mixture 
mentioned  above. 

Entirely  new  conditions  occur  when  dealing  with  steel  embedded  in  concrete  of  a 
very  rich  mixture,  and  at  this  early  stage  it  would  seem  a  mistake  to  develop  too 
quickly  on  to  the  concrete  with  a  larger  proportion  of  cement;  and  another  point 
entering  into  consideration  at  this  stage  is  the  minimum  thickness  of  concrete  permitted 
so  that  it  will  perform  the  various  functions  it  is  called  upon  to  undertake. 

Thickness  of  Concrete. — If  we  take  slab  work  with  only  one-mesh  reinforcement  the 
concrete  has  to  be  of  sufficient  thickness  to  act  as  a  column  in  compression  and  to  hold 
the  steelwork  in  its  true  position  under  bending.  The  author  would  consider  a  J-in. 
covering  over  all  bars  to  be  desirable,  and,  assuming  a  slab  was  made  up  with  a  mesh  of 
|-in.  diameter  bars  running  both  ways,  this  would  give  the  required  thickness  of  2 J  in., 
and,  assuming  the  meshes  were  interlaced  in  the  form  of  basket  work,  it  would  give  a 
thickness  of  2f  in.  Immediately  we  develop  into  double  meshwork  the  minimum 
thickness  would  work  out  to  about  4  in. 

Apart  from  the  question  of  the  least  thickness  required  to  cover  the  bars  from  the 
points  of  view  of  proper  adhesion  and  for  general  stability,  the  author  thinks  the 
minimum  thicknesses  should  be  3  J  in.  for  slabwork  and  4  in.  for  beams  and  framings. 
Working  with  this  thin  construction,  it  is  essential  that  all  concrete,  where  it  changes 
from  one  direction  to  another  (such  as  a  beam  to  a  slab) ,  and  all  internal  and  external 
angles,  should  be  filleted  and,  if  economically  possible,  rounded. 

It  is  found  in  testing  concrete  that  the  least  satisfactory  construction  occurs  at 
the  internal  angles,  and  it  is  actualh'  at  these  points  where  a  good  deal  of  condensation 
takes  place  ;  and  on  the  bottom,  next  the  beains,  a  good  deal  of  water  accumulates, 
forming  a  catch-pit  and  position  for  corrosion. 

The  impermeability  of  concrete  is  of  the  greatest  importance,  and  what  may  be 
gained  on  this  point  by  using  the  richer  mixture  might  be  all  sacrificed  owing  to  the 
hair-cracks  referred  to  elsewhere  ;  therefore,  rather  than  use  at  the  present  stage  a 
rich  mixture  to  obtain  the  results  desired  as  to  impermeabilit}-,  it  would  be  better 
for  the  moment  to  devote  some  attention  to  obtaining  a  material  which  could  be 
applied  to  the  surface  of  the  concrete  in  the  form  a  wash  of  specially  prepai-ed  tar  or 
other  bituminous  material  ;  if  a  coat  of  this  description  be  properly  applied,  imper- 
meability for  many  years  should  be  secured.  Even  if  the  whole  of  the  external  surface 
of  the  vessel  is  not  treated  in  this  way,  it  would  certainly  be  advisable  to  treat  that 
portion  subjected  to  weather  and  tide. 
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INSPECTION    AND    SUPERVISION. 

In  the  construction  of  reinforced  concrete,  whether  for  land  or  water  use,  it  might 
be  borne  in  mind  that  this  is  one  of  the  few  constructional  materials  which  cannot  be 
properly  and  fully  inspected  after  the  completion  of  the  work.  Careful  and  intense 
personal  supervision  is  therefore  essential  to  ensure,  first,  that  your  steel  is  placed  and 
maintained  in  correct  position  during  the  progress  of  concreting  ;  secondly,  that  your 
concrete  is  properly  mixed  ;  and,  thirdly,  that  it  is  properly  punned  and  rammed  into 
position. 

Supervision  should  be  sufficiently  vigorous  to  ensure  that  the  whole  of  the  concrete 
is  equally  mixed  and  that  the  punning  and  ramming  are  efficiently  executed  ;  even 
under  the  best  conditions  concrete  may  vary  ver>'  considerably  in  composition  and 
strength,  and  for  this  reason  it  is  necessary  in  the  design  of  ship  construction  and  m 
land  structures  in  reinforced  concrete  that  a  greater  factor  of  safety  should  be  allowed 
than  is  usually  advocated. 

POURED    CONCRETE. 

In  several  references  to  reinforced  concrete  ships  one  notices  the  phrase  that 
"  concrete  is  poured  in,"  and  in  the  opinion  of  the  author  the  loose  application  of  this 
term  should  be  combated.  •  To  obtain  the  best  results,  concrete  should  be  placed  into 
position  as  dr>'  as  possible,  and  after  the  concrete  has  been  so  placed  and  sprinkled 
with  water  the  result  is  a  material  much  stronger  and  much  more  waterproof  than  a 
wet,  sloppy  m.ixture,  or  even  a  mixture  which  might  be  termed  plastic  ;  for  this  reason 
one  would  much  sooner  adopt  the  method  of  elevating  the  practically  dr\'  mixed 
material  in  preference  to  deliverv^  by  gravitation. 

In  reinforced  concrete  one  should  not  look  upon  the  concrete  work  as  a  plastic 
material  that  can  be  poured,  but  rather  as  a  dry  material  that  has  to  be  raised  to 
efficiency  by  the  admixture  of  water  in  small  doses  after  the  dr\'  material  is  in  its  final 
position. 

The  condition  in  which  the  concrete  is  placed  in  the  structure  has  some  influence 
upon  the  most  economical  and  the  best  method  of  laying  out  the  plant  for  the  construc- 
tion of  the  work,  and  in  this  connection  we  might  for  a  moment  consider  in  a  general 
way  the  most  convenient  locality  for  the  construction  of  the  reinforced  concrete 
vessels. 

SITE. 

A  good  deal  of  discussion  has  been  taking  place  as  to  the  suitability  of  various 
sites  for  the  construction  of  reinforced  concrete  vessels.  It  is  necessary-  to  consider 
first  the  materials  involved.  If  we  take  a  boat  of,  say,  i,ooo  tons  D.W.,  we  find  we 
shall  require  approximately  40  tons  of  clean,  fresh  water,  free  from  injurious  foreign 
matter,  564  tons  of  aggregate,  234  tons  of  sand,  125  tons  of  cement,  160  tons  of  steel, 
and  138  tons  of  material  for  equipment  in  the  way  of  machinery,  etc.  It  is  clear, 
therefore,  that  the  combined  weight  of  the  sand  and  aggregate  is  66  per  cent,  of  the 
total  required,  including  equipment.  It  would  consequently  appear  desirable,  so  as 
to  save  the  cost  of  freightage  and  the  difficulties  of  transport,  that  water^vays  for  these 
shipyards  should  be  looked  for  in  the  neighbourhood  of  suitable  stone  quarries,  where 
crushing  plants  could  be  put  down  and  trolley-ways  or  rope-ways  for  transporting 
the  material  from  the  quarry  to  the  shipyard  could  be  arranged.  It  is  also  possible 
that  cement  could  be  obtained  in  the  immediate  district.  If  concrete  in  a  relatively 
plastic  condition  be  finally  chosen  such  a  method  of  transport  from  the  quarries  to  the 
vessel  obviously  suggests  that  the  material  should  be  lifted  above  the  ships,  and  after 
being  mixed  at  a  convenient  level  the  concrete  should  be  transferred  by  gravity  to 
each  particular  vessel  and  part  of  the  vessel  requiring  concrete  at  the  moment.  This 
method,  however,  the  author  suggests,  requires  too  great  a  percentage  of  water. 

If  the  drier  mixture  of  concrete  is  used,  the  concrete  should  be  partly  mixed  on  a 
low  level  and  elevated  to  the  positions  required. 

The  external  centering  for  reinforced  concrete  vessels  will  eventually  be  made 
movable  in  fairly  large  sections,  and  the  plant  lay-out  for  the  concrete  should  be 
arranged  in  conjunction  with  the  plant,  necessary'  for  easily  removing  the  external 
centering,  by  overhead  gearing  or  by  rails  on  the  ground  level,  so  as  to  take  it  clear 
of  the  boat  while  she  is  being  launched,  after  which  the  centering  can  be  run  into 
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position  again,  ready  for  the  next  standard  boat  to  be  constructed.  The  internal 
centering  would  be  moved  by  overhead  gearing  and  stored  in  a  convenient  position, 
also  readv  for  the  next  boat.  It  might  even  be  necessary  to  construct  these  boats  in 
a  dr^^  dock  if  their  size  comes  approximately  to  5,000  or  6,000  tons  D.W.  The  objec- 
tion as  a  rule  to  using  dry  docks  for  the  purpose  of  construction  is  the  comparatively 
small  output  of  tonnage  in  relation  to  the  capital  expenditure  on  the  dock,  but  the 
speed  of  constructing  reinforced  concrete  vessels  at  a  properly  laid  out  yard  for  standard 
designs  might  justify  the  expense  of  a  dry  dock,  in  view  of  the  reduction  of  the  cost 
and  the  minimising  of  risks  involved  in  the  floating  of  these  vessels. 

SHIP   LINES. 

With  this  new  form  of  construction  for  vessels  the  temptation  to  depart  from 
true  ship  lines  must  be  resisted.  For  many  years  investigations  have  been  carried  on 
to  ascertain  the  lines  which  give  the  least  resistance  to  a  ship  passing  through  water  ; 
and  because  a  different  material  is  proposed  to  be  used  for  certain  boats  it  is  submitted 
a  great  mistake  would  be  made  by  departing  from  proper  and  regulated  lines  of  the 
ship  in  the  expectation  of  securing  economies  in  construction  in  reinforced  concrete. 
Safety  and  efficiency  in  running  must  be  the  first  considerations.  To  depart  from 
proper  ship  lines  would  involve  extra  expenditure  on  the  rvmning  costs,  which  would 
quickly  neutralise  any  saving  on  the  capital  outlay  of  the  ship  when  constructed. 

WEIGHT    OF    CONCRETE. 

It~is  found  that  the  weight  of  concrete  varies  considerabl}^  according  to  the  kind 
of  aggregate  and  proportions  used,  but  for  all  practical  purposes  for  land  work  it  can  be 
taken  at  148  lb.  per  cu.  ft.,  but  for  ship  construction  it  should  be  taken  at  156  lb.,  to 
which  should  be  added  the  weight  of  the  reinforcement  in  each  case. 

The  concrete  for  such  thin  constructions  as  used  in  reinforced  concrete  vessels,  if 
properlv  executed  and  with  aggregate  not  exceeding  f  in.,  the  weight  per  cu.  ft.  will 
be  found  to  average  about  the  weight  given  above. 

STANDARDISED    REINFORCED    CONCRETE    SHIPS. 

It  is  not  proposed  in  this  Paper  to  deal  at  length  with  the  question  of  standardising 
for  reinforced  concrete  ship  construction,  as  the  author  feels  that  those  used  to  rein- 
forced concrete  require  no  convincing  on  this  matter,  and  those  who  are  used  to  steel 
ship  construction  are  referred  to  a  paper  recently  given  by  Sir  George  Carter,  K.B.E., 
at  the  Institute  of  Naval  Architects,  where  practically  all  his  arguments  in  favour  of 
standardised  steel  cargo  boats  apply  equally  to  reinforced  concrete  boats.  One 
advantage  he  mentions  is  so  applicable  to  reinforced  concrete  boats  that  it  calls  for 
quotation  here  : — 

"  All  the  steel  scantlings,  after  being  settled  in  the  ordinary  manner,  can  be  care- 
fully exainined  to  reduce  the  number  of  steel  sections  in  the  ship  as  much  as  possible. 
This  results  in  producing  the  fewest  changes  of  rolls  at  the  steelwork  and  in  the  rolling 
of  much  larger  parcels  of  materials  to  the  one  pattern  on  account  of  the  large  number 
of  ships  that  are  to  be  built  to  this  design. 

"  As  an  example  of  this,  in  the  standard  ships  now  built  the  number  of  sections 
are  reduced  to  8  or  10,  as  against  30  to  40  used  in  pre-war  days  for  the  same  type  of 
ship." 

In  the  reinforced  concrete  boats  it  would  probably  be  possible  to  confine  the 
diameters  of  the  steel  rods  to  six  sections  only. 

Every  bar,  no  matter  what  its  diameter  and  no  matter  what  its  function  may  be, 
should  have  hooked  ends,  the  hook  being  equivalent  in  radius  to  not  less  than  five 
times  the  bar  diameter ;  these  hooked  ends  should  not,  vmder  any  circvimstances, 
take  the  place  of  the  necessary  overlap  required  to  get  continuitj'  of  the  bars,  but 
should  be  an  additional  precaution  to  such  overlap.  Fish  taiUng  or  split  ends  of  bars 
should  not  be  allowed. 

The  usual  method  of  welding  steel  bars  should  not  be  resorted  to  with  steel  intended 
for  reinforced  concrete  structures  for  land  or  water  use  ;  the  only  satisfactory  welding 
is  the  electrical  welding,  executed  with  proper  plant  and  proper  machinery.  This 
should  not  be  carried  out  on  the  actual  job. 
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VIBRATION. 

The  proper  connection  and  continuity  of  rods  will  have  very  material  relation  to 
the  effect  of  vibration  and  shock  on  reinforced  concrete  work. 

In  shipping  construction  the  vibration  may  be  considered  continuous,  and  the 
effect  of  such  continuous  \ibration  on  the  adhesion  of  concrete  and  steel  has  not  yet 
been  ascertained  ;  it  can  only  be  arrived  at  after  a  good  many  years  of  actual  service. 
It  is  suggested  that  a  good  deal  of  the  vibration  caused  by  the  engines  and  other 
machinery  can  be  considerably  reduced  by  the  introduction  of  special  anti-^-ibration 
foundation  work,  suitable  for  the  plant,  which  A\-ill  be  installed  in  a  ship,  where  one 
meets  ^^•ith  the  bases  considerably  less  in  size  than  is  the  case  -wnth  plant  of  the  same 
power  in  land  structures. 

It  is  not  probable  that  concrete  would  be  disintegrated  by  the  continual  vibration, 
but  the  adhesion  of  metal  to  concrete  certainly  might  be  affected,  and  it  should  be 
remembered  that  whereas  some  degree  of  plastic  deformation  rnav  be  expected  in  steel 
under  stress,  concrete,  even  if  elastic,  is  certainly  not  plastic  in  the  same  sense  as  steel. 
There  are  but  few  real  data  as  to  the  effect  of  shock  loads  on  reinforced  concrete  ;  the 
tests  carried  out  in  Italy  some  years  ago  are  interesting  studies  in  this  connection. 

FIRE-RESISTANCE. 

Whilst  dealing  with  the  effect  of  shock  on  reinforced  concrete,  the  question  of  the 
fire  resistance  of  concrete  should  be  considered.  The  claim  that  reinforced  concrete 
is  fireproof  is  quite  erroneous.  It  is  fire-resisiUig,  and  the  effect  of  fire  on  reinforced 
concrete  is  not  developed  so  quickly  as  it  is  on  steel,  and  undoubtedly  it  ^\^ll  carry 
considerable  loads  without  deformity  whilst  at  a  high  temperature,  which  steel  will 
not  do. 

With  such  a  thin  protecting  coat  of  concrete,  as  we  get  in  reinforced  concrete  boat 
work,  it  is  necessary,  both  from  a  structural  and  fire-resisting  standpoint,  to  have 
the  steelwork  well  tied  in,  connected  double-mesh  work  where  possible,  and  extra 
care  taken  at  all  junctions  ;  all  arrises  should  be  rounded  or  splayed.  Properly  de- 
signed and  erected  reinforced  concrete  work  has  undoubted  claims  over  unprotected 
steel  construction,  and  in  arriving  at  the  rate  for  insurance  against  fire  the  under- 
writers ought  to  take  this  into  account ;  on  the  other  hand,  however,  -with  grain  cargoes 
any  effect  from  swelhng  would  have  a  more  serious  result  on  reinforced  concrete  than 
on  steel  owing  to  the  steel  boat  having  greater  elasticity.  It  must  not  be  taken  that 
reinforced  concrete  construction  has  every  advantage  and  no  disadvantages,  but  the 
efficiency  as  a  whole  must  be  considered. 

WHAT    IS    THE    MOST    EFFICIENT    CARGO    BOAT  ? 

\Vhat  is  the  most  efficient  cargo  ship  ?  Assuming  that  the  ship  is  seaworthy,  the 
greatest  economic  value  is  obtained  by  a  combination  of  the  greatest  registered  tonnage 
that  can  be  carried  and  conveniently  handled  and  the  cost  of  running  at  the  required 
speed,  together  Avith  the  capital  cost  and  the  cost  of  upkeep. 

The  author  is  given  to  understand  that  most  of  the  canal  and  dock  dues  are 
reckoned  on  the  registered  tonnage  ;  therefore  the  reinforced  concrete  boat  is  not  at  a 
disadvantage  on  this  particular  point  owing  to  its  extra  displacement.  The  cost  of 
upkeep  of  a  vessel  depends  so  very  much  upon  the  uses  to  which  it  is  put  and  the 
trade  routes  used,  that  it  is  difficult  to  get  absolutely  definite  data  for  upkeep  ;  but, 
always  assuming  that  the  boats  are  seaworthy,  reinforced  concrete  would  in  all  cases 
cost  very  much  less  for  unkeep  than  a  steel  or  wooden  boat.  The  comparatiive  horse- 
power required  for  timber,  steel,  and  concrete  boats  unfortunately  shows  considerably 
increased  horse-power  required  for  reinforced  concrete  for  the  same  D.W.  ;  but  against 
this  must  be  placed  the  lower  capital  cost  and  the  reduction  in  maintenance ;  and  the 
point  also  must  not  be  forgotten  that  there  is  big  economy  secured  through  the  much 
greater  speed  in  which  concrete  hulls  can  be  built  as  compared  with  steel  or  wood 
hulls. 

CONCLUSION. 

In  conclusion,  the  author  asks  to  be  allowed  to  quote  the  first  paragraph  in  the 
preface  of  a  book  *  referred  to  in  the  course  of  the  Paper  : 

*  "  Reinforced  Concrete  in  Practice,"  by  A.  Alban  H.  Scott. 
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"  \\'liilst  the  author  is  of  opinion  that  there  is  no  form  of  building  so  lasting,  and 
requiring  less  maintenance  than  reinforced  concrete,  he  considers  it  should  only  be 
employed  when  the  work  is  under  constant,  careful,  and  experienced  supervdsion, 
and  when  ever\^  material  used  in  the  work  is  tested." 

There  are  some  wonderful  steel  ships,  there  are  also  wonderful  reinforced  concrete 
buildings,  and  with  the  joint  efforts  of  the  naval  and  land  architects  there  ought  to  be 
some  wonderful  reinforced  concrete  ships. 

DISCUSSION. 

Mr.  H.  N.  Sporborg,  Chief  Engineer  of  the  British  Thomson-Houston  Company,  Limited,  was 
unable  to  attend,  but  ^\Tote  :  "  It  is  a  commonplace  to  say  that  engineering  experience  with  reinforced 
concrete  has  been  almost  entirely  confined  to  land  or  stationary  uses,  but  that  fact  by  itself  lends  great 
weight  to  Mr.  Scott's  warning  to  those  who  propose  to  use  it  for  water  or  floating  work  not  to  fail  to 
make  the  utmost  possible  use  of  experience  already  gained  with  reinforced  concrete  in  stationary  work. 
Such  experience  has  now  become  very  great — even  the  war  having  added  very  considerably  to  the  sum 
total — and  speaking  broadly  the  results  so  far  attained  having  been  so  ver\'  successful,  there  is  very 
solid  ground  work  to  build  upon  when  facing  the  new  problems  involved  in  the  fabrication  of  ocean 
vessels  from  this  material. 

"  When  considering  the  question  of  stresses  to  which  the  hull  of  a  concrete  ship  will  be  subjected, 
t  must  not  be  forgotten  that  the  advent  of  the  modem  high  speed  turbine  and  either  the  electric  or  the 
double  helical  gear  drive  of  the  propeller  make  it  possible  to  eliminate  reciprocating  parts  from  the 
propelling  machinery  of  the  cargo  boat  of  the  future.  Such  development  means  that  the  concrete  ship 
need  not  be  subjected  to  the  pounding  action  of  constantly  repeated  frequent  shocks  which  in  time 
causes  disintegration  of  concrete. 

"Judging  from  actual  experience  with  reinforced  crane  gantrys,  carrying  heavy  travelling  cranes, 
which  are  provided  with  wooden  sleepers  under  the  crane  rails,  the  use  of  wooden  machine  beds  under 
heavy  reciprocating  pumps,  etc.,  should  eliminate  any  bad  effects  on  the  structure  from  machinery 
vibration. 

"There  still  remains,  however,  the  one  great  uncertain  factor  of  the  effect  on  the  hull  structure  as  a 
whole  of  the  twisting  or  torsional  stresses  of  a  heavy  sea-way  on  the  ship's  quEurter.  Such  stresses  lie 
entirely  within  the  pxirview  of  the  naval  architect,  and  can  best  be  met  by  actual  experience  and  the 
whole-hearted  co-operation  between  naval  and  land  architects  and  engineers  which  the  author  so 
eloquently  lurges. 

"  Thes2  problems  once  solved,  the  advent  of  the  concrete  ship  should  take  us  a  long  step  forward 
in  the  direction  of  the  standard  ship,  as  its  proper  method  of  construction  postulates  the  development 
of  building  plant  particularly  adapted  to  rapid  repetition  work  on  hulls  of  exactly  similar  design." 

Mr.  R.  N.  Dana,  Secretary  of  the  Institution  of  Xaval  Architects,  regretted  his  inability  to  attend 
but  wrote,  saying  the  subject  was  one  of  great  interest  just  now,  both  to  shipbuilders  and  to  civil 
engineers,  and  it  seemed  probable  that  this  new  material  for  construction  of  ships  was  likely  to  assume 
considerable  importance  for  some  time  to  come.  Whether  it  successfully  survived  the  test  of  time 
for  the  particular  purpose  would  depend  largely,  in  his  opinion,  on  the  improvements  that  might  be 
effected  in  the  composition  and  manufacture  of  cement  to  render  it  more  suitable  to  resist  the  heavy 
and  varying  stresses  to  which  ships  were  subjected  at  sea. 

Mr.  H.  C.  Johnson  (Cork  University)  wrote  that  he  believed  the  heaviest  workable  mix,  J-in. 
gravel  and  buzzard  sand  plus  30  per  cent,  cement,  was  the  most  economical  for  concrete  ships  ;  not 
broken  stone. 

Mr.  Wentworth-Shields,  in  proposing  a  vote  of  thanks  to  the  lecturer,  said  that  concrete  ships 
were  a  great  novelty  in  this  coimtry,  but  he  had  no  doubt  in  his  owti  mind  that  they  had  come  to  stay. 
About  15  to  20  years  ago,  when  reinforced  concrete  was  first  to  be  used  in  structiu^es  in  this  coimtry, 
they  looked  upon  it  with  very  great  suspicion.  It  was  a  most  curious  combination  of  materials,  one 
apparently  so  weak  and  the  other  so  strong.  How  were  they  to  pull  together  ?  What  was  to  happen  ? 
And  they  were  especially  suspicious  of  reinforced  concrete  when  placed  mider  water.  Time  had  gone 
on  since  then,  and  they  foimd  that  as  a  matter  of  fact  reinforced  concrete  had  become  most  useful  and 
reliable,  and  that  imder  water  it  behaved  exceedingly  weU  indeed.  He  was  rather  wondering  whether 
the  naval  architect  of  the  future  with  his  reinforced  concrete  ships  might  not  have  considerable  trouble 
on  the  water-line  between  wind  and  water.  That  was  the  place  where  the  naval  architect  had  trouble 
nowadays,  he  believed,  and  it  was  possible  that  he  might  have  trouble  in  the  future.  He  was  inclined 
to  think  from  the  experience  he  had  gained  in  marine  works  that  provided  he  did  what  Mr.  Alban  Scott 
suggested — namely,  give  his  boats  a  good  coating  of  some  reliable  bituminous  paint  or  something  of  that 
sort,  he  would  find  that  his  concrete  ships  would  be  long  lived.  The  matter  of  the  application  of 
reinforced  concrete  to  ships  being  so  new,  there  was  a  great  deal  to  leam  about  it. 
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Mr.  Bamaby  (Southampton),  expressing  the  views  of  a  naval  architect  and  shipbuilder,  said  he 
did  not  think  at  the  present  time  any  concrete  ship  of  any  size  had  been  subjected  to  stresses  in  a  sea 
way,  and,  of  course,  it  was  that  that  they  were  most  anxious  about.  Ten  years  ago  reinforced  concrete 
had  been  mentioned  as  a  possible  material  for  ship  construction  ;  now  they  were  thinking  about  rein- 
forced concrete  ships,  and  certainly  they  had  come  to  stay,  at  all  events,  for  the  duration  of  the  war. 
How  long  afterwards  he  could  not  say,  but  they  looked  to  concrete  engineers  to  help  them  a  little  in  the 
proper  way  to  calculate  the  strength  of  the  midship  section  of  a  ship  in  a  sea  way  subjected  to  alternate 
waves,  sometimes  upon  the  crest  and  sometimes  upon  the  hoUow  of  the  wave.  They  were  told  that  the 
steel  only  was  to  be  taken  into  account  in  the  tensile  strength,  and  both  steel  and  concrete  in  the  com- 
pressive strength.  When  they  considered  the  section  of  a  ship  and  tried  to  get  its  neutral  axis,  assuming 
her  on  the  wave,  they  took  only  the  steel  on  the  deck  and  the  steel  and  concrete  on  the  bottom,  and  thev 
got  the  neutral  axis  very  near  the  keel.  The  next  minute,  when  she  was  in  the  trough  of  the  wave, 
they  got  a  great  displacement  of  the  neutral  axis.  It  had  been  proposed,  and  he  thought,  very  reason- 
ably, that  a  special  allowance  should  be  made  for  this.  The  modular  ratio  of  concrete  and  steel  might 
be  taken  as  about  8  per  cent.  ;  that  was  to  say,  the  concrete  was  about  8  per  cent,  of  the  steel,  or,  in 
other  words,  that  the  steel  was  12^  times  as  strong  in  its  elastic  limit  as  the  concrete;  therefore,  in 
calculating  the  neutral  axis  of  the  section,  it  was  now  usual  to  assume  that  the  steel  was  increased  in 
area  by  12J  or  15  ;  in  taking  the  neutral  axis  of  them,  its  net  area  was  only  taken  into  accoimt  for  the 
stress  upon  the  material.  That  was  a  point  upon  which  he  should  like  Mr.  Scott's  opinion.  If  they 
overlapped  about  40  diameters,  the  grip  of  the  concrete  was  quite  equal  to  the  strength  of  the  steel  he 
believed,  but  if  a  ship  was  built  in  a  hot  climate  and  came  into  a  cold  one,  the  grip  might  be  a  little 
reduced,  due  to  the  contraction  of  the  steel.  ;Mr.  Scott  was  wise  in  insisting  that  all  rods  should  be 
hooked  as  well  as  have  a  large  overlap  ;  he  looked  upon  the  hook  as  an  additional  securitv.  He  cau- 
tioned them  not  to  expect  the  first  reinforced  concrete  ship  of  a  particular  design  to  be  built  quicker 
or  even  so  quickly  as  a  steel  one.  Launching  he  did  not  look  upon  as  such  a  difiScult  problem.  If 
concrete  engineers  could  secure  reinforcing  sufficiently  to  prevent  any  displacement  of  it,  it  would  be 
much  better  to  use  a  ship-shape  form.  One  use  to  which  reinforced  concrete  might  be  applied  with 
very  great  advantage  immediately  in  shipbuilding  was  this.  A  great  number  of  ships  had  not  sufficient 
bulkheads  in  them  at  present.  The  Italians  were  building  steel  bulkheads  into  their  existing  ships, 
more  closely  dividing  them.  The  difficulty  of  getting  steel  and  labour  at  the  present  was  great  ;  there 
was  no  reason  why  ferro  bulkheads  should  not  be  put  into  ships  at  the  present  time  with  very  great 
advantage  to  those  which  were  insufficiently  divided. 

Mr.  H.  K.  G.  Bamber,  F.C.S.,  said  that  the  method  in  which  concrete  should  be  mixed  and  put 
into  position  suggested  by  .Mr.  Scott  in  his  Paper  did  not  appear  to  him  to  be  the  best  to  adopt. 

Dr.  J.  S.  Owens,  B.A.,  M.D.,  drew  attention  to  the  ease  with  which  a  reinforced  concrete  ship  could 
be  repaired  if  injured  ;  if  she  got  a  lump  knocked  off  her  it  could  very  easily  be  replaced.  The  factor  of 
safety  was  really  a  confession  of  ignorance  on  the  part  of  the  engineer.  In  the  case  of  a  ship  there 
were  a  thousand-and-one  stresses  and  tensions  which  they  should  never  be  able  to  analyse  completely. 
He  suggested  that  instead  of  setting  up  a  new  committee  to  consider  the  matter,  they  might  see  whether 
they  could  not  utilise  one  of  the  existing  committees  of  the  Institute  to  undertake  the  work. 

Mr.  H   J.  Davies  advised  the  provision  of  sections  in  this  coimtry  sufficient  to  meet  shipbuilding 

requirements  after  the  war. 

Mr.  H.  J.  Deane,  M.Inst.C.E.,  did  not  think  they  knew  sufficient  about  the  permeabiUty  of  concrete 
at  the  present  time.  The  Institute  might  do  a  good  deal  for  them  as  engineers  on  that  subject.  They 
had  heard  a  good  deal  about  the  hydration  of  cement,  but  the  information  came  from  the  enemv.  Ship 
builders  should  take  very  special  precautions  to  see  that  the  concrete  was  kept  thoroughly  moist  after 
setting.  When  they  got  into  large  construction,  it  would  be  found  that  building  ships  on  laimching 
ways  would  probably  be  the  most  economical. 

Mr.  Francis  Wade  considered  that  the  insidious  vibration  that  a  ship,  when  she  was  alive,  was 
subjected  to  would  be  the  dangerous  factor  in  the  life  of  a  concrete  ship. 

Dr.  Owen  Faber,  D.Sc  ,  did  not  want  to  throw  cold  water  on  concrete  ships  ;  they  might  not  stand  it- 
If  a  concrete  ship  lasted  10  years,  he  should  consider  it  had  done  very  well.  It  would  still  pav  if  it 
only  had  a  life  of  three  years.  At  the  present  moment  they  could  build  concrete  ships,  but  he  did  not 
think  they  were  justified  in  saying,  as  they  very  often  did,  that  a  concrete  ship  was  practically  ever- 
lasting, and,  at  any  rate,  had  a  far  greater  life  than  a  steel  ship.  He  did  not  think  that  was  likely  to 
prove  to  be  the  case.  A  concrete  ship,  roughly  speaking,  weighed  50  per  cent,  more  than  a  steel  ship, 
and  if  they  were  on  the  side  of  safety,  they  would  weigh  still  more,  .\fter  the  war  he  thought  it  would 
be  found  that  this  increase  in  weight  would  knock  the  concrete'  ship  out  of  competition  with  the  stee 
ship  altogether.     There  would  be  a  greater  coal  bill  and  an  increased  skin  friction. 

429 


I 


THE  CONCRETE  INSTITUTE.  [CDMZBETE] 


The  Lecturer's  Reply. 

Mr.  Scott,  in  replying,  said  that  the  whole  subject  was  one  which  required  most  careful  thought 
and  consideration,  and  the  various  points  raised  in  the  discussion  all  required  going  into  very  thoroughly, 
which  obviously  could  not  be  done  by  way  of  reply  that  evening.  Mr.  Barnaby's  kind  contribution 
had  placed  before  them  very  fully  the  difficulties  from  the  shipbuilders'  point  of  view,  and  although  he 
quite  agreed  with  Dr.  Faber's  remarks  regarding  the  necessity  of  limiting  the  number  of  committees' 
the  matter  under  discussion,  he  ventured  to  suggest,  was  one  which  should  be  dealt  with  by  a  committee 
composed  of  a  certain  nmnber  of  representatives  of  the  Concrete  Institute  and  a  certain  number  nomi- 
nated by  the  Institute  of  Naval  .Architects  and  other  institutes  and  bodies  interested.  It  was  obvious 
that  one  of  the  existing  comr  ittees  of  the  Concrete  Institute  could  not  undertake  the  work  so  efficiently 
as  a  special  committee  on  the  lines  he  had  indicated. 

Regarding  the  life  of  a  concrete  ship,  personally  he  did  not  think  it  wise  to  make  any  statement 
as  to  the  probable  life  of  a  concrete  vessel,  as  it  entirely  depended  upon  the  construction,  particularly 
the  cover  given  to  the  steelwork.  With  only  ^-in.  cover,  unless  there  was  some  external  application 
to  the  concrete  work,  the  steelwork  could  not  be  entirely  free  from  corrosion.  In  conclusion  he 
desired  to  thank  the  various  Papers  which  had  kindly  given  him  facilities  for  producing  the  lantern 
slides  that  evening,  and  he  particularly  mentioned  Concrete  and  Constructional  Engineering,  as 
they  had  given  him  a  very  large  amount  of  assistance  in  connection  with  the  photographs. 
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AT  HOME    AND    ABROAD. 

A  short  summary  of  some  of  the  leading  books  "which  ha've  appeared  during  the  last  feiv  months. 


Engineering  for   Masonry   Dams.      By  Wm, 
Pitcher  Creager,  Am.Soc.C.E. 

Published  by  John  Wiley  &  Sons,  New  York,  and  Chap- 
man &  Hall,  London.     Price  lis.  6d.  net 

This  book  is  written  more  especially  for 
American  engineers  and  deals  with  many 
subjects,  such  as  ice  pressure,  rockfell  and 
timber  dams,  etc.,  which  do  not  occur  in 
general  English  practice,  although  they 
will  doubtless  be  of  interest  to  colonial 
engineers. 

Chapter  I.  deals  with  investigations  and 
surveys  for  dams  and  describes  fully  the 
nature  of  the  investigations  required  and 
the  means  employed  in  carrjang  them  out. 

Chapter  II.  concerns  the  choice  of  type 
of  dam  and  describes  the  special  advan- 
tages of  several  types  for  different  pur- 
poses and  localities.  The  types  dealt 
with  are  : 

Solid  gravity  masonry  dams  ; 

Hollow     ditto     ditto  ; 

Arched  masonry  dams  ; 

Earth  and  rock  embankments  ; 

Timber  dams  ; 

Other  types  and  combinations  of  types. 

The  author  states,  with  respect  to  solid 
gravity  dams,  that  hollow  dams  require 
only  35  to  40  per  cent,  of  the  concrete 
required  for  solid  dams  and  that  for  a 
remote  location,  where  luaterials  of  con- 
struction are  expensive,  the  hollow  type 
will  usually  cost  less  than  the  solid  type  ; 
but  in  ordinary  location  comparatively 
near  a  railwa}^  where  there  is  a  good 
quarry  and  a  sandbank  is  convenient,  the 
reverse  is  true.  An  earth  or  rock  embank- 
ment will,  it  is  stated,  always  cost  con- 
siderably less  than  any  form  of  gravity 
masonry  dam  if  materials  for  the  former 
are  found  convenient  to  the  site,  but  that 
there  are  limitations  to  the  employment 
of  embankments,  such  as  the  necessity 
of  providing  sufficient  spillway.  With 
respect  to  hollow  gravity  dams  it  is 
pointed  out  that  when  time  of  construc- 
tion is  a  consideration  this  type  can  be 
constructed  in  less  time  than  a  solid  dam. 

For  a  hydraulic  power  installation  the 


necessary  housing  accommodation  for 
turbines  and  other  apparatus  can  be 
pro\'ided  inside  the  dam  itself  and  thereby 
expenditure  may  be  saved,  ^^^aere  there 
is  considerable  uplift  the  hollow  dam  has 
a  distinct  advantage  as  the  water  has  a 
direct  exit  under  the  dam. 

The  author  considers  the  fact  that  the 
resultant  of  all  forces  falling  very  nearly 
at  the  centre  of  the  base  is  an  advantage 
for  this  type  more  fanciful  than  real,  since 
either  type,  if  properly  designed,  should 
give  no  cause  for  anxiety  with  respect  to 
overturning. 

When  the  requisite  support  is  lacking  in 
sustaining  power  the  lesser  weight  of  a 
hollow  dam  is  pointed  out  to  be  a  distinct 
advantage  for  this  t^'pe. 

With  regard  to  arched  dams,  it  is 
pointed  out  that  suitable  sites  for  this 
type  are  seldom  found,  but  that  it  is 
ideal  when  the  length  is  small  in  propor- 
tion to  the  height  and  when  the  sides  of 
the  valle}-  are  composed  of  good  rock.  It 
is  remarked  that,  as  the  weight  of  an 
arched  dam  is  not  counted  on  as  assisting 
materia)!}'  in  the  resistance  to  external 
loads,  there  is  always  sufficient  masonry 
to  resist  any  possible  uplift. 

Combinations  of  arched  and  gravity 
dams  are  stated  to  be  common  for  sites 
where  the  length  is  too  great  to  permit 
the  adoption  of  the  arched  type,  such 
dams  being  designed  to  resist  the  loading 
by  gravity,  but  are  curved  in  plan  and 
designed  with  a  smaller  margin  of  safety 
than  if  straight.  Timber  dams  are  stated 
to  be  ideal  for  temporary  uses,  and  if  well 
designed  may  last  for  fifty  years  or  more. 
Maintenance  charges  are,  however,  very 
high  when  compared  witli  other  types. 
It  is  pointed  out  that  timber  dams  are 
seldom  very  tight,  and  that,  in  fact,  a 
small  leakage  is  necessary  for  the  pre- 
servation of  the  timber. 

Amongst  the  other  types  of  dams, 
structural  steel  dams,  peculiarly  shaped 
masonry  dams  and  movable  dams  are 
mentioned. 
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Chapter  III.  deals  with  the  forces  acting 
on  dams,  etc.  : 

(rt)  Water  pressure. 

(b)  Earth  pressure. 

(c)  Atmospheric  pressure. 
{d)  Ice  pressure. 

(e)   Wind  pressure. 

(/)    Wave  pressure. 

{g)  Weight  of  dam. 

(h)  Weight  of  the  foundation. 

(?)    Reaction  of  the  foundation. 

The  methods  for  assessing  these  various 
forces  are  entered  into  in  detail  and  the 
necessary'  equations  for  the  purpose  of 
design  are  fully  set  out. 

It  is  stated  that  the  bevel  to  the  crest 
of  an  overflow  length  of  a  dam  on  the 
inner  side  is  not  considered  as  being 
subjected  to  any  vertical  pressure  when 
Avater  is  passing  over  the  crest,  since  the 
velocity  of  the  water  is  such  that  no 
vertical  pressure  is  produced.  The 
horizontal  pressure  on  the  level  is,  how- 
exer,  included,  to  be  on  the  safe  side.  It 
is  pointed  out  that  the  head  of  water 
acting  on  the  dam  must  be  taken  far 
enough  back  to  avoid  the  surface  curve 
of  the  water  and  that  an  additional  head, 
equal  to  twice  the  velocity  head  of  the 
water,  should  be  added  to  allow  for 
impact. 

If  g  is  the  discharge  per  lineal  foot  of 
crest,  W2  the  unit  weight  of  water,  h^.  the 
velocity  head,  h  the  height  of  the  dam  to 
sill  level,  and  h^  the  total  depth  from 
flood  water  level,  the  velocity  of  approach 

is  t'i=-?^,  and  the  total  impact  pressure 

...  „.     w-ip^h 

on  dam  is  given  as  P^=  -=— ^ — . 

g 

It  is  stated  that  the  stream  of  Avater 
passing  down  the  outer  face  of  the  dam 
does  not  transmit  any  pressure  to  the 
dam  owing  to  its  velocity,  neither  in 
every  case  does  the  tail  water  exert  any 
pressure  on  the  dam  as  its  depth  is  often 
eliminated  by  the  impact  of  the  falling 
water,  and  equations  are  given  for 
determining  when  such  a  condition 
occurs. 

The  question  of  uplift  is  fully  dealt 
with  and  frequent  references  are  made  to 
the  recent  useful  paper  and  discussion 
before  the  American  Society  of  Civil 
Engineers  (Vol.  LXXV.).  The  area  of 
base  subjected  to  upUft  allowed  in  various 
dams  is  given,  and  the  author  concludes 
that  for  masonry  dams  on  fair  rock 
foundations  two-thirds  of  the  total  area  of 


the  base  is  the  extreme  hmit  of  area  to  be 
considered  as  subject  to  uplift,  and  that 
ordinarily  a  much  lower  value  may  be 
adopted.  He,  however,  points  out  that  for 
earth  foundations  it  may  be  necessary  to 
provide  for  uplift  over  the  whole  area  of 
the  base,  but  that  in  this  case  the  distance 
of  travel  for  the  water  may  be  considered 
as  the  length  of  the  base  pi  us  twice  the 
depth  of  the  impervious  cut-off. 

The  author  points  out  that  in  the  case 
of  hollow  dams  little  or  no  uplift  can 
occur,  but  sufficient  drainage  holes  must 
be  left  in  any  slab  foundation.  It  is 
customary  to  adopt  an  uplift  on  all 
horizontal  joints  equal  to  that  on  the  base. 

The  additional  pressure  on  the  dam  due 
to  the  vacuum  induced  by  the  water 
falling  over  the  crest,  if  ventilation  under 
the  water  sheet  cannot  be  prov-ided,  is 
dealt  with,  and  the  advdsability  of  fitting 
the  down-stream  face  of  the  dam  to  the 
lower  nappe  of  the  jet  is  advocated. 

Ice  and  wave  pressure  are  specially 
referred  to  and  the  weight  of  the  dam  and 
foundation  and  the  reaction  of  the 
foundation  are  given  full  consideration, 
equations  and  data  being  given  for  their 
determination. 

Chapter  IV.  deals  with  the  requirements 
for  stabiUty  of  gravity  dams  and  gives 
rules  for  the  following  : 

(i)  Location  of  the  resultant. 

(2)  Inclination  of  the  resultant. 

(3)  Compressive  stresses. 

(4)  Tension  on  vertical  planes. 

(5)  Margin  of  safety. 

(6)  Design  and  methods  of  construction. 
With   respect  to   compressive   stresses 

it  is  shown  that  the  maximum  stresses 
occur  on  inclined  planes.  It  is  recom- 
mended that  after  the  dam  has  been 
designed  to  conform  to  the  allowed 
vertical  stresses  the  inclined  stresses  be 
investigated  and  changes  made  in  the 
section,  if  the  inclined  stresses  are  found 
to  be  too  high,  and  maximum  incUned 
compressive  stresses  of  one -ninth  the 
ultimate  strength  of  the  masonry  are 
recommended  for  adoption.  It  is  further 
suggested  that  the  following  maximum 
vertical  stresses  should  be  adopted  in 
design  : 

At  the  toe  of  solid  dams  ^V  of  the  ulti- 
mate strength. 

At  the  heel  of  sohd  dams  one-fifteenth 
of  the  ultimate  strength. 

At  the  heel  and  toe  of  hollow  dams 
one -fifteenth  of  the  ultimate  strength. 
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Foundations  of  bed  rock  are  stated  to 
be  stronger  than  the  masonry,  but  the 
following  values  are  given  for  the  allow- 
able stresses  on  earth  foundations  : 

Clay,  8,000  lb.  per  sq.  in. 

Coarse  sand,  4,000  to  8,000  lb.  per 
sq.  in. 

Fine  silt,  2,000  to  4,000  lb.  per  sq.  i)i. 

"  Inch  "  in  this  case  is  an  error  and 
should  be  "  foot." 

With  respect  to  tension  on  vertical 
planes  the  author  refers  to  the  paper  and 
discussion  before  the  Institution  of  Civil 
Engineers  and  conies  to  the  conclusion 
that,  whereas  it  must  not  be  lost  sight  of 
that  tension  will  certainly  exist  in 
vertical  planes  if  the  inclination  of  the 
downstream  toe  is  too  great  to  transmit 
the  loads  to  the  foundations,  the  fact  that 
a  great  number  of  existing  dams,  if 
investigated  according  to  Mr.  Atcherley's 
theory,  would  be  found  to  be  quite  unsafe, 
points  to  the  conclusion  that  there  is 
some  error  in  this  theory  and  that  its 
application  imposes  too  severe  a  con- 
dition on  structures  of  the  usual  type. 

Chapter  V.  deals  with  the  general 
equations  for  design  of  gravity  dams, 
dividing  the  height  into  zones  over  which 
various  conditions  are  the  ruling  factors 
fcir  the  purpose  of  design. 

Seven  zones  are  considered,  the  ruling 
factors  applicable  to  each  being  as 
follows  : 

In  non-overflow  dams  the  design  of 
Zone  I.,  when  ice  pressure  exists,  is 
governed  by  rule  2  above  (the  inchnation 
of  the  resultant). 

In  overflow  dams,  owing  to  the 
deficiency  in  the  weight  of  the  top,  rule  i 
(the  location  of  the  resultant)  and  rule  2 
(the  inchnation  of  the  resultant)  will  both 
be  violated,  but,  fortunately,  the  con- 
ditions are  not  severe  and  can  be  easily 
met  by  special  treatment. 

Zone  II.  covers  that  portion  of  the  dam 
wherein  the  resultants  for  reservoir  full 
and  empty  remain  within  the  middle 
third  when,  in  the  case  of  a  non -overflow 
dam,  both  the  upstream  and  downstream 
faces  remain  vertical,  and,  in  the  case  of 
an  overflow  dam,  the  upstream  face  is 
vertical  and  the  downstream  face  is  a 
continuation  of  the  spillway  curv^ature. 

At  the  top  of  Zone  III.  the  resultant 
reservoir  full  coincides  with  the  outer 
extremity  of  the  middle  third  and  the 
downstream  face  becomes  battered  to 
keep  this  resultant  within  proper  limits, 
the     upstream    face    remaining    vertical 


until  the  resultant  reservoir  empty 
reaches  the  inner  extremity  of  the  middle 
third,  determining  the  bottom  of  the  zone 
(rule  I  applies). 

Throughout  Zone  IV.  both  the  upstream 
and  downstream  faces  are  battered  to 
the  extent  required  to  keep  the  resultant 
reservoir  full  and  empty  within  proper 
limits  (rule  i  applies). 

For  Zone  V.  the  conditions  reservoir 
empty  remain  the  same  as  for  Zone  IV,. 
being  governed  by  rule  i,  whereas  for 
reservoir  full  the  compressive  stresses 
begin  to  be  the  governing  factor  (rule  3) 
and  the  resultant  becomes  further  and 
further  inside  the  outer  limit  of  the 
middle  third. 

Throughout  Zone  VI.  the  compressive 
stresses  are  the  governing  factor  both  for 
reservoir  fuU  and  empty,  and  conse- 
quently rule  3  is  employed  to  determine 
the  slope  of  both  the  upstream  and 
downstream  faces. 

Zone  VII.  represents  a  portion  of  the 
dam  in  which,  under  the  condition 
reservoir  full,  the  inclination  of  the  down- 
stream face  is  greater  than  the  limit  fixed 
by  rule  4 — i.e.,  there  is  tension  in  vertical 
planes  necessitating  a  rearrangement  of 
the  upper  zones  to  produce  a  steeper 
downstream  face.  The  inclination  of  the 
upstream  face  throughout  this  zone 
continues  to  be  governed  by  the  com- 
pressive stresses  (rule  3). 

Equations  are  given  for  meeting  the 
requirements  under  the  several  rules  i  to  4, 
two  sets  of  equations  being  given — i.e.  : 

(i)  "  Equation  of  Determination,"  with 
which  to  determine  the  length  and 
location  of  successive  joints  in  con- 
formity with  each  rule. 

(2)  "  Equation  of  Investigation,"  with 
which  to  investigate  any  pre-designed 
portion  of  the  dam  in  conformity  with 
each  rule. 

Chapter  VI.  contains  detailed  numerical 
examples  of  the  design  of  solid,  non- 
overfiow  gravity  dams,  and  comparisons 
are  given  with  dams  actually  constructed. 

Chapter  VII.  deals  with  the  design  of 
solid  spillwav  gravity  dams,  special  con- 
sideration being  given  to  the  shape  of  the 
crest,  the  discharge  capacity  as  efJected 
by  piers,  the  form  of  "  bucket  "  or  curve 
at  the  toe  to  deflect  the  flow.  Detailed 
numeiical  examples  are  given  and 
comparisons  with  dams  actually  con- 
structed. 

Chapter  VIII.  covers  the  design  of 
lioUow    dams    with    both    straight    and 
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arched  upstream  faces  and  detailed 
numerical  examples  are  given  for  non- 
overflow  and  spilhvay  dams  of  this  type. 
Chapter  IX.  deals  with  the  design  of 
arch  dams.  A  tabulated  statement  is 
given  showing  the  details  of  dams  of  this 
type  which  have  been  constructed.  It  is 
shown  that  the  most  economical  central 
angle  between  the  abutments  is  133°  34'. 
The  use  of  steel  reinforcement  in  a 
horizontal  diiection  is  depreciated,  but 
vertical  reinforcement  to  distribute  con- 
centrated loads,  such  as  ice-thrust,  and 
for  stiffening  the  relatively  thin  upper 
portion  of  the  dam,  is  recommended. 

It  is  also  recommended  that  the  ratio 
of  slendemess  {i.e.,  the  ratio  of  the  curved 
length  of  the  arch  to  thickness)  at  mid- 
height  be  not  greater  than  25,  whereas  at 
the  top  it  may  be  not  greater  than  75,  the 
ratio  at  the  top  being  increased  if  the 
thickness  increases  rapidly  toward  the 
lower  elevations,  and  the  ratio  at  mid- 
height  is  proportionately  reduced.  This 
is  stated  as  being  particularh^  true  if 
considerable  vertical  reinforcement  is 
used,  and  the  case  of  the  salmon  creek 
dam  is  cited,  where  the  ratio  at  the  top 
is  more  than  100,  but  at  mid-height  is  less 
than  10. 

Multiple-arch  dams  are  given  special 
consideration,  it  being  pointed  out  that  in 
this  type  the  loading  on  any  arch  slice  is 
not  uniform,  but  that  the  percentage  in 
variation  of  the  loading  gradually  de- 
creases toward  the  base  of  the  dam.  It  is 
recommended  that  the  arches  in  the  upper 
part  of  this  type  of  dam  should  be 
circular  in  horizontal  planes,  or  well 
reinforced  to  resist  the  non-uniform 
loading.  Illustrations  are  given  of  existing 
arched  dams  showing  details  of  thick- 
nesses, etc. 

Chapter  X.  deals  with  the  preparation 
and  protection  of  foundations  and  gives 
useful  advice  as  to  the  preparation  of  the 
foundation  and  the  grouting  up  fissured 
recks.  The  precautions  necessarj^  to 
eliminate  or  decrease  the  uplift  are 
referred  to  and  the  conditions  necessary 
for  securing  satisfactory  earth  foundations 
are  dealt  with,  special  consideration  being 
given  to  the  question  of  under  dams  on 
this  type  of  foundation. 

Chapter  XI.  is  devoted  to  the  magni- 
tude of  flood  flows  and  Fuller's  equation 
— g,„  =  AM"-«  (i-fo-8  logT)  (I  +  2-4-0-3)— 
for  the  maximum  flood  in  cubic  feet  per 
second  to  be  expected  in  any  period  of 


years  from  any  catchment  area  in  square 
miles  (Trans.  Am.  Soc.  C.E.,  Vol. 
LXXVII.)  is  given,  together  with  a  useful 
diagram  showing  the  discharge  in  cubic 
feet  per  second  for  catchment  areas  of 
varying  areas  in  square  miles,  using 
Fuller's  equation  with  values  of  100  and 
85  for  the  numerical  coefficient  (N)  and 
1,000  and  100  years  periods  (/)  during 
which  the  flow  given  by  the  equation  will 
be  only  once  exceeded. 

The  diagram  also  shows  the  actual 
discharges  of  120  unusual  floods  and  the 
catchment  area  from  which  such  floods 
were  derived. 

The  various  conditions  affecting  the 
value  of  the  numerical  coefficient  N  of 
Fuller's  formulae  are  discussed,  the  general 
conditions  being  : 

(i)  The  prevailing  conditions  of  rain- 
fall. 

(2)  The  storage  capacity  of  the  water- 
shed or  its  ability  to  retain  temporarily 
and  distribute  the  maximum  rainfall. 

(3)  The  capacity  of  the  watershed  to 
suddenly  release  stored  waters. 

Each  of  which  has  several  subdivisions. 

The  author  arrives  at  the  conclusion 
that  little  or  nothing  has  been  accom- 
plished which  would  indicate  a  definite 
relation  between  flood  coefficients  and 
characteristics  of  catchment  areas,  and 
that,  until  more  information  has  been 
obtained,  the  matter  must  be  left  to  the 
judgment  of  the  engineer. 

In  general,  the  order  in  which  the 
several  conditions  will  have  most  in- 
fluence on  the  flood  tendencies  are  as 
follows  : 

(i)  The  maximum  rate  and  duration  of 
rainfall. 

(2)  The  steepness  of  the  slopes  in  the 
catchment  area. 

(3)  The  shape  of  the  catchment  area. 

(4)  The  arrangement  of  tributaries  to 
the  main  stream. 

The  capacity'  of  the  stream  to  release 
stored  waters  suddenly  cannot  be  included 
in  a  general  classification,  as  their  eflfect 
on  floods  is  too  uncertain. 

It  is  pointed  out  that  Mr.  Fuller,  in 
his  paper,  has  given  a  unique  approximate 
method  of  determining  directly  the  value 
of  the  flood  coefficient  {X)  from  a  study 
of  the  maximum  yearly  floods  on  the 
stream  under  consideration. 

Chapter  XII.  deals  \\ath  details  and 
accessories,  such  as  the  proportions  for 
the  concrete  to  be  employed,  contraction 
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joints,  drainage  systems,  architectural 
treatment,  and  the  regulation  of  high- 
water  surface  by  means  of  gates,  flash- 
boards,  syphons,  etc. 

The  book  covers  the  subject  dealt  with 
in  a  very  thorough  manner  and  embodies 
the  latest  experience  and  investigations. 
It  can  be  confidently  recommended  to 
engineers  interested  in  the  design  and 
construction  of  masonry  dams. 

Theory  of  Structures.      By   Arthur   Morley, 
M.Sc.  M.I.M.E. 

London:  Longmans,    Green   &   Co.      584    pp.        Price 
14s.  net. 

It  is  doubtful  whether  the  rising 
generation  of  engineers  realises  how  much 
easier  it  is  for  them  than  for  their  pre- 
decessors to  study  the  apphcation  of 
science  to  engineering.  During  the  last 
fifteen  years  there  has  been  a  great 
advance  m  the  standard  set  of  engineering 
text-books,  and  Mr.  Morley  holds  a  high 
place  among  those  responsible  for  that 
advance. 

After  publishing  one  or  two  elementary 
though  very  useful  text-books,  he  published 
in  1908  his  text-book  upon  "  Strength  of 
Materials,"  which  very  quicklj'-  asserted 
its  position  as  one  of  the  most  successful 
books  upon  the  subject.  This  book  was 
characterised  by  a  thorough  and  rigid 
method  of  treatment  which  appeals  with 
greatest  strength  to  those  students  who 
have  received  a  good  mathematical  train- 
ing, and  yet  it  is  approached  from  a  much 
more  practical  standpoint  than  has  been 
adopted  by  those  writers  who  have 
followed  more  closely  the  mathematical 
theory  of  elasticity. 

The  book  under  review  w-as  first  pub- 
lished in  191 2,  and  its  present  edition 
differs  very  little  from  the  original.  The 
only  addition  that  we  notice  consists  in 
a  treatment  of  unsymmetrical  bending, 
following  the  S-polygon  construction  of 
Prof.  L.  J.  Johnson  and  referring  to 
Prof.  Cyril  Batho's  work  upon  this 
subject. 

The  general  method  of  treatment 
follows  upon  the  same  lines  as  in"  Strength 
of  Materials  "  ;  in  fact,  as  is  natural,  a  fair 
amount  of  the  subject-matter  is  identical. 

After  chapters  upon  Stress  and  Strain, 
and  Working  Stresses,  we  pass  to  a  chap- 
ter upon  Statics  in  which  most  of  the  now 
familiar  fundamental  constructions  of 
Graphic  Statics  are  set  out.  Next  come 
chapters    upon    Bending    Moments    and 
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Shearing  Forces,  and  Stresses  in  Beams, 
the  next  chapter  dealing  with  Moving 
Loads  and  introducing  the  principles  of 
Influence  Lines.  We  pass  next  to  chapters 
upon  Deflection  and  Elasticity  of  Beams, 
the  next  one  being  entitled  Direct  and 
Bending  Stresses  and  including  the 
theor}^  of  Columns  ;  this  important 
subject  is  dealt  with  in  a  succinct  but 
quite  excellent  manner,  and  contains 
some  very  clever  approximations  of 
troublesome  mathematical  analysis.  Mr. 
Morley  is  quite  a  master  in  the  application 
of  successive  approximations  to  rigid 
mathematical  theories. 

We  then  pass  to  what  some  people 
might  regard  as  Theory^  of  Structures 
proper  as  opposed  to  Strength  of  jMaterials 
and  have  chapters  upon  Framed  Struc- 
tures ;  Stresses  in  Frames  ;  Mo\'ing  Load 
Stresses  in  Frames  ;  Selected  Typical 
Framed  Structures  ;  Deflection  and  In- 
determinate  Frames  ;  Some  Indetermi- 
nate Combinations  ;  Frame  IMembers  and 
Structural  Connections  ;  Place  Girders 
and  Bridges  ;  Suspension  Bridges  and 
Metal  Arches  ;  Earth  Pressures,  Founda- 
tions, Masonry  Structures. 

With  such  a  wide  range  compressed 
into  one  volume  much  of  the  treatment  is 
necessarily  condensed  and  some  students 
will  find  some  difficulty  in  following  it, 
but  the  book  has  deservedly  had  a  very 
good  reception  and  it  is  one  which  everj- 
structural  engineer  may  regard  as  demand- 
ing a  place  among  his  literature  of  the 
subject. 

The  Design  and   Construction  of  Industrial 
Buildings.    By  Moritz  Kahn. 

Technical  Journals,  Ltd.     7/6  net. 

During  the  past  three  j-ears  the  chief 
activities  of  the  building  trade  have  been 
employed  in  the  erection  of  factories  and 
temporary  buildings,  and  owing  to  more 
inten.sivc  production  and  more  thorough 
organisation  it  is  most  probable  that  the 
next  tew  j^ears  will  also  witness  many 
building  and  reconstruction  schemes  in- 
volving factory  and  industrial  buildings. 

The  books  and  pamphlets  pubHshed  on 
this  subject  are  relatively  few  in  number, 
and  we  therefore  welcome  this  volume, 
which  in  a  small  compass  deals  with  the 
essential  matters  to  be  remembered  in 
laying  out  and  constructing  manufactur- 
ing buildings'. 

The  author,  as  a  leading  exponent  of 
reinforced    concrete    construction,  betrays 
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a  natural  bias  against  any  other  form  of 
work,  and  we  cannot  always  agree  with 
his  opinions. 

The  book  commences  with  general  con- 
siderations as  to  factories  and  briefly 
analyses  the  various  types  of  structures 
in  common  use.  Construction,  lighting, 
heating,  ventilation,  plumbing,  and  archi- 
tectural grouping  occupy  separate  chap- 
ters, and  a  short  synopsis  of  the  place  and 
effects  of  welfare  work  in  the  factory 
organisation  is  included. 

The  volume  is  illustrated  with  diagrams 


and  photographs  of  recent  factory  build- 
ings, most  of  which  are  of  American 
origin  ;  and,  although  industrial  methods 
across  the  Atlantic  are  somewhat  different 
from  our  own,  the  examples  set  forth  are 
worthy  of  study.  This  applies  especially 
to  the  elevations,  for  in  normal  cases  in 
this  countrx'  building  Acts  would  prevent 
the  provision  of  the  large  spaces  that  seem 
to  be  the  rule  in  America.  Both  the 
printing  and  appeai^ance  of  the  volume  are 
excellent.  We  can  recommend  this  book 
to  all  interested  in  this  important  subject. 
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Memor^nJj.  ^nd  Neil's  Items  a.re  presented  under  this  heading,  tvith  occasional  editorial 
comment.     Authentic  neivs  "will  be  "welcome. — ED. 


British  Scientific  Products  Exhibition,  1S18. — We  beg  to  draw  the  special  attention 
of  our  readers  to  the  above  Exhibition  which,  with  the  assent  of  the  Ministry  of 
Munitions  and  the  Board  of  Trade,  has  lieen  arranged  by  the  British  Science  Guild, 
and  is  being  held  at  King's  College,  Strand,  London,  W.C.  (August  12th  to  September 

The  chief  purpose  of  the  Exhibition  is  to  make  clear  the  necessity  of  Scientific 
Research  with  respect  to  the  application  of  its  results  in  the  arts  and  industries  ;  and, 
further,  to  display  to  the  public  and  to  those  intimately  concerned  how  much  has  been 
successfully  achieved  in  this  regard  since  the  advent  of  the  war  in  the  prodviction  of 
articles  of  prime  importance  not  only  for  the  home  but  also  for  foreign  markets 
hitherto  manufactured  in  or  imported  from  other  countries. 

Reconstruction  in  Dublin. — The  materials  of  construction  used  in  the  rebuilding 
of  the  area  destroyed  b}'  the  Irish  Rebellion  of  19 16  are  almost  entirely  of  a  fire- 
resisting  character,  and  two  of  the  largest  buildings  now  in  course  of  erection — namely, 
the  Scala  Theatre  and  Eason's  stationery  house — are  being  built  in  reinforced  concrete 
on  the  Mouchel-Hennebique  svstem. 

Concrete  Shipbuilding  in  U.S.A.— The  following  are  some  extracts  from  the 
New  York  Journal  of  Commerce  regarding  the  progress  of  concrete  shipbuilding  in 
America  : — 

Since  the  first  commitment  of  the  Shipping  Administration  to  the  policy  of 
building  concrete  tonnage,  plans  have  been  pushed  rapidly  for  the  development  of  this 
type  of  ship.  The  confidence  of  officials  in  the  practicability  of  the  project  is  strongly 
reflected  in  a  statement  just  issued  by  the  Shipping  Board,  reviewing  concrete  ship- 
building activities  and  predicting  success  for  the  new  vessels.  The  more  important 
matter  contained  in  this  summary  is  presented  as  follows  : — 

"  The  construction  of  a  total  of  forty-two  new  concrete  ships  has  been  authorised 
by  the  United  States  Shipping  Board.  Of  these  forty-two  concrete  ships,  contracts 
for  eighteen  have  already  been  given  by  the  Emergency  Fleet  Corporation.  Contracts 
for  the  building  of  the  remainder  will  shortly  be  let.  These  forty-two  concrete  ships 
will  nearly  all  be  tankers  of  7,500  tons  each,  with  a  capacity  of  50,000  barrels  of  oil. 
Each  of  the  7,500-ton  ships  will  have  2,800  horse  power  and  a  speed  of  loj-  knots  an 
hour.  Others  of  the  concrete  ships  are  cargo  ships,  of  3,000  and  3,500  tons.  The 
forty-two  concrete  ships  will  have  a  total  of  298,500  dead-weight  tonnage. 

"  The  five  Government  yards  for  the  building  of  concrete  ships  are  to  be  located 
at  various  points  on  our  coasts.  .  .  .  There  are  also  two  private  concrete  shipbuilding 
yards.   .   .   . 

"  '  When  concrete  ship  building  is  well  organised,'  said  Mr.  R.  J.  Wig,  head  of  the 
Department  of  Concrete  Ship  Construction  of  the  Emergency  Fleet  Corporation, 
'  the  only  limit  on  the  capacity  to  produce  concrete  ships  vn\\  be  the  limit  of  the 
machinery  and  equipment  for  the  construction  of  the  ships.   ..." 

"  To  organise  concrete  ship  plants  is  an  easy  and  inexpensive  matter  compared 
with  the  intricate  arrangements  necessary  for  steel  ship  construction. 

"  All  that  is  needed  for  concrete  ship  construction  is  a  simple  plant.  This  is 
made  up  of  concrete  mixers,  hoists  and  other  plain  ecjuipment  which  is  obtainable  in 
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any  large  city.  Such  a  plant  can  be  rapidly  put  together  and  in  speedy  working  order. 
Wavs  similar  to  those  used  for  wood  and  e+eel  ships  must,  however,  be  provided.  .  .  . 
' "  The  great  value  of  concrete  ships  is  recognised  in  other  countries.  A  2,500-ton 
concrete  ship  has  been  launched  at  Tientsin,  China,  and  a  2,200-ton  concrete  ship 
wall  be  launched  in  August,  1918,  at  Saigon,  French  Indo-China.  Recently  a  small 
concrete  ship  was  launched  at  Montreal.  Concrete  vessels  are  also  under  construction 
in  Spain,  Italy,  Xonvay,  Denmark,  and  Germany.   ..." 

Concrete  Ships  for  Africa. — In  view  of  the  prospects  of  concrete  ships  in  the 
near  future,  it  is  of  interest  to  know  that  one  or  two  yards  in  this  country-  are  setting 
themselves  out  to  supply  barges  and  other  craft,  constructed  of  concrete,  suitable 
for  use  in  African  waters.  The  climatic  conditions  on  the  West  Coast  are  not  favour- 
able either  for  wood  or  steel  lighters,  the  former  being  subject  to  the  Toreda  worm, 
and  the  steel  falls  a  \dctim  to  excessive  corrosion  which  takes  place  with  steel  structures 
in  that  part  of  the  world. — African  World. 


How  THE  Roller  is  made. 


Concrete  Water  Meter  Boxes. — The  local  authorities  at  Superior,  Neb.,  have 
approved  designs  for  concrete  boxes  for  water  meters,  which  take  the  form  of  a 
cyhndrical  concrete  shell  provided  with  attachments  for  covers. 

A  Hollow  Concrete  Lawn  Roller. — The  accompanying  diagram  shows  how  to 
make  a  hollow  concrete  lawn  roller.  The  roller  shown  is  24  in.  in  diameter  and 
18  in.  wide  and  weighs  about  300  lb.  The  firm  in  Ohio  making  these  rollers  obtain 
emptv  oil  and  grease  cans  from  local  garages  to  form  the  core,  thus  lightening  the 
roller  and  saving  the  concrete. — (From  Concrete,  U.S.A.) 

Brush-Finishing  Concrete  Surfaces. — According  to  Concrete,  U.S.A.,  a  finish  for 
concrete  that  will  give  a  uniform  and  very  satisfactory  surface  is  produced  with  a 
whitewash  brush  as  the  finishing  tool. 
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Remove  the  forms  at  the  earhest  possible  time  ;  paint  the  surface  with  a  grout 
of  '^i)  Ume,  (2)  cement,  and  (3)  fine  sand,  mixed  with  water  to  a  creamy  consistency 
and  kept  thoroughly  stirred. 

Follow  the  application  of  the  mixture  with  a  thorough  rubbing  of  the  surface 
with  a  wood  float  to  fill  thoroughly  all  pin  holes  and  produce  an  even  texture. 

As  the  excess  moisture  disappears  brush  the  surface  lightly  in  both  directions 
with  a  drj'  brush  to  obliterate  all  float  marks  and  produce  a  sandpaper-like  texture. 
The  surface  thus  treated  will  be  very  light  in  colour  and  the  effect  is  permanent 
under  most  conditions. 

The  Use  of  Concrete  in  Road  Construction. — In  view  of  the  decision  of  the  South 
Australian  commissioner  of  crown  lands  (Hon.  H.  Jackson)  to  have  experiments 
made  on  a  section  of  the  Bay  Road,  Adelaide,  to  ascertain  the  relative  values  of 
different  metals  and  top  dressings  for  bearing  general  traffic,  it  is  interesting  to  note 
that  Adelaide's  first  experimental  roadway  in  reinforced  concrete  has  withstood  its 
tests  satisfactorily.  The  Adelaide  experiment  in  a  concrete  road  surface  was  com- 
pleted in  November,  1915,  in  a  13-ft.  right-of-wav-  It  was  laid  down  on  the  American 
standard  for  a  distance  of  two  chains.  It  has  had  to  cope  with  the  concentrated 
heavv  traffic  of  lorries  laden  with  all  kinds  of  ironwork  and  machinery,  under  which 
the  ordinary  macadam  very  soon  went  to  pieces.  The  new  road  was  made  with  a 
foundation  course  of  6-in.  cement  concrete,  on  top  of  which  was  laid  a  triangle-mesh 
steel  reinforcement,  and  it  was  surfaced  with  an  inch  and  a  half  of  cement  composition 
as  a  wearing  coat.  No  asphalt  or  tar  was  put  on.  About  four  months  ago  Mr.  J.  R. 
Richardson,  city  engineer,  found  the  roadway  beginning  to  show  slight  signs  of  wear, 
after  having  stood  remarkably  well  for  two  years,  and  it  has  since  been  given  a  good 
dressing  of  bituminous  asphalte. 

Oil  Storage  Tanks. — In  Bulletin  155  of  the  U.S.A.  Bureau  of  Mines,  Mr.  C.  P. 
Bowie  gives  the  result  of  some  investigations  made  by  him  into  oil  storage  tanks  and 
reservoirs.  The  losses  of  oil  in  storage  and  methods  of  prevention  of  losses  are  also 
discussed.  Mr.  Bowie's  investigations  have  shown  that  tanks  composed  wholly  of 
steel  give  the  best  results.  Where  larger  containers  than  it  is  feasible  to  build  with 
steel  are  desired,  concrete-lined  reservoirs  can  be  recommended  for  some  grades  of 
oil.  Practically  all  such  containers  in  use  at  present  have  wooden  roofs,  but  it  is 
Mr.  Bowie's  belief  that  concrete  roofs  would  be  far  more  satisfactory  in  every  wav, 
and  that  the  difference  in  cost  between  a  concrete  and  a  wooden  roof  would,  as  a  rule, 
in  a  few  years'  time  be  offset  by  a  saving  of  oil  and  in  cost  of  repairs  and  renewals. 
Steel  tanks  for  the  storage  of  oil  are  manufactured  in  various  sizes  up  to  55,000-barrel 
capacity.  These  have  a  diameter  of  114  ft.  6  in.,  and  are  30  ft.  high.  The  usual  size 
is  the  55,000-barrel  tank,  although  the  Standard  Oil  Company,  especially,  is  using 
great  numbers  of  37,000-barrel  tanks. 

In  regard  to  concrete-hned  reservoirs  it  is  stated  that  where  proper  care  has 
been  taken  to  make  a  dense  compact  lining  in  which  all  coarse  material  is  well  embedded 
below  the  surface  there  seems  no  doubt  that  an  oil-tight  structure  can  be  made.  Mr. 
Bowie  has  repeatedly  seen  samples  of  concrete  lining  taken  from  the  bottoms  of 
reservoirs  20  ft.  in  depth  which  have  been  in  use  for  a  period  of  five  years.  These 
have  shown  practically  no  penetration  whatever.  Mr.  H.  B.  Truett,  chief  engineer 
of  the  fuel-oil  department  of  the  Southern  Pacific  Railroad,  states  that  he  examined 
a  750,000-barrel  reservoir  belonging  to  the  company  after  it  had  been  in  continuous 
use  for  several  years,  and  found  the  concrete  lining  in  practically  perfect  condition. 
A  scratch  with  a  penknife  remo\-ed  the  oil  from  the  surface  of  the  lining  and  showed 
the  concrete  white  and  unattacked  in  almost  every  place  examined,  and  he  found 
numerous  places  where  the  oil  could  be  wiped  from  the  surface  of  the  lining,  leaving 
it  scarcely  discoloured  and  as  smooth  and  firm  as  the  day  it  was  put  in. 

A  properly  constructed  concrete-lined  reservoir  with  concrete  roof  will  last  for 
an  indefinite  period.  The  life  of  the  modern  steel  tank  is  variously  estimated.  The 
consensus  of  opinion  among  the  majority  of  oil  men  seems  to  be  that  a  commercial 
steel  tank  such  as  is  in  use  to-day,  if  placed  on  a  carefully  constructed  foundation, 
and  if  properly  maintained,  should  last,  with  the  exception  of  the  roof,  for  thirty-five 
to  forty  years.  The  roof,  if  of  wood,  covered  with  roofing  paper,  would,  of  course, 
require  repeated  repairs  during  this  period  to  keep  it  waterproof,  and,  e\cn  though 
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it  were  constructed  of  steel,  parts  of  it  might  need  to  be  replaced  three  or  four  times, 
by  reason  of  deterioration  from  light  hydrocarbon  gases  and  sulphur  fumes. 

Several  oil  tanks  examined  by  Mr.  Bowie  have  been  in  use  for  twenty  to  twenty- 
five  years,  and  their  shells  are  to  all  appearances  in  almost  perfect  condition.  One 
tank  at  the  Standard  Oil  Company  refinery,  Baltimore,  Aid.,  of  30,000-barrel  capacity, 
has  been  in  continual  service  for  more  than  thirty-five  years.  This  is  a  wrought-iron 
tank  made  from  plates  much  lighter  than  those  used  at  the  present  time  for  a  tank 
of  this  capacit3^  The  rivet  spacing  is  also  greater  than  is  used  in  modern  practice, 
which  means  that  the  tank  was  not  designed  with  what  is  considered  to-day  an 
adequate  factor  of  safety.  For  this  reason,  for  several  years  past  it  has  been  carried 
only  about  two-thirds  full,  and,  so  the  superintendent  states,  will  be  cut  down  and 
replaced  in  the  near  future.  The  roof  has  been  replaced  several  times,  but  the  shell, 
so  far  as  can  be  seen,  is  sound  and  in  good  condition. 

The  Shell  Oil  Company  of  California  uses  a  gasholder  for  the  collection  of  the  light 
gases  from  the  oil  tanks.  The  gasholder  is  attached  to  a  battery  of  storage  tanks  of 
gas-tight  construction.  Its  purpose  is  to  take  care  of  the  expansion  and  contraction, 
owing  to  changes  in  temperature,  of  the  light  gases  filling  the  space  between  the 
surface  of  the  gasoline  and  the  tops  of  the  tanks.  If  one  tank  in  the  battery  is  being 
filled  while  another  is  being  emptied,  the  function  of  the  holder  is  also  to  conserve 
the  gases  discharged  from  the  tank  being  filled.  Such  gases  ordinarily  escape  into 
the  atmosphere,  but  the  holder  causes  them  to  be  returned  to  a  tank  being  emptied. 
There  seems  no  reason,  says  Mr.  Bowie,  why  such  a  system  could  not  be  applied  to 
run-dowm  tanks,  and  the  Uke,  a  provision  being  made  whereby  any  surplus  gases  not 
taken  care  of  by  the  holder  could  be  drawn  off  and  condensed,  or  otherwdse  profitably 
disposed  of. 

British  Portland  Cement. — From  the  annual  report  of  the  British  Portland 
Cement  ^Manufacturers,  we  learn  that  there  was  an  active  demand  for  cement  during 
the  past  year,  and  notwithstanding  the  great  difficulties  connected  with  manufacturing 
operations  and  wdth  the  distribution  of  the  finished  product,  particularly  with  regard 
to  the  scarcity  of  labour,  the  profits  for  the  period  show  an  improvement  as  compared 
W'ith  recent  years.  On  April  4th  last  the  Army  Council  required  the  w'hole  production 
of  cement  in  the  United  Kingdom  to  be  placed  at  its  disposal,  and  on  May  nth 
prohibited  the  exportation  of  cement  until  further  notice. 

Permits  for  the  Release  of  Cement. — The  Secretary  of  the  War  Office  announces 
that  permits  for  the  release  of  cement  will  be  issued  by  the  Director  of  Army  Priority 
(D.A.P.3.C.),  Caxton  House,  Tothill  Street,  S.W.i.  Apphcations  for  permits  should 
be  made  by  the  firm  or  persons  requiring  to  use  the  cement  and  not  by  the  manu- 
facturer or  merchant.  The  quantity  required,  the  purpose  for  which  it  is  required, 
and  the  name  and  address  of  suppliers  must  in  every  case  be  stated. 

Londonderry  Wharf  Extension. — At  the  monthly  meeting  of  the  Londonderry 
Port  and  Harbour  Commissioners,  Mr.  William  Donnell,  J. P.,  proposed  that  the 
Commissioners  take  into  consideration  the  question  of  the  extension  of  the  wharf 
as  far  as  the  Boating  Club,  the  extension  to  be  carried  out  in  reinforced  concrete  and 
project  into  the  channel  50  ft.  from  the  breast  of  the  present  wharf. 

The  Chairman  seconded  the  resolution,  which  was  passed,  and  the  Engineer  was 
asked  to  submit  plans  which  had  been  previously  prepared  in  connection  with  the 
scheme. — Lloyd's  List. 

Exhibition  of  Designs  of  Workmen's  Dwellings. — Industrial  dwellings  of  the 
"  model  city  "  at  Morgan  Park,  Minn.,  w^ere  a  feature  of  an  architectural  exhibit  at  the 
Art  Institute,  Chicago,  one  room  being  devoted  to  a  display  of  plans,  photographs 
and  paintings  of  the  tow^n  and  its  buildings.  This  town  was  established  a  few  years 
ago  by  the  Minnesota  Steel  Co.  to  provide  accommodation  for  employees  at  its  large 
steel  plant  near  Duluth.  The  buildings  are  of  concrete  block  construction  and  range 
from  single  residences  to  long  structures  forming  three  or  four  residences.  Wide 
streets  with  a  curved  layout  and  ample  provision  for  gardens,  playgrounds  and  other 
open  spaces  are  characteristics  of  the  general  plan.  The  designs  were  made  by  Dean 
&  Dean,  of  Chicago,  architects  for  the  Morgan  Park  Company. 

Concrete  Machine  Tools. — The  necessity  for  building  machines  for  the  construction 
of    very  large  guns  has  brought  about   an   important  development  in   mechanical 
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engineering,  and  concrete  is  now  pla3-ing  an  important  part  in  large  machine-tool 
building.  To  build  gun-boring  machines  which  require  very  long  ways  it  is  necessar\' 
to  have  planing  machines  of  exceptional  length.  In  a  Chicago  shop  recently  two  big 
planers  have  been  built  of  concrete,  instead  of  metal.  They  are,  of  course,  provided 
with  metal  surfaces  where  finished  parts  are  needed,  but  the  bed  of  the  planer  and 
the  platen,  as  well  as  the  housing  and  cross-rail,  are  of  concrete.  The  bed  is  148  ft. 
in  length,  and  the  platen  92  ft.  long.  This  latter  is  13  in.  in  thickness  and  the  concrete 
cross-rail  is  4  ft.  square.  The  top  of  the  housing  is  9  ft.  6  in.  above  the  bed.  Altogether 
the  planer  contains  13,500  cu.  ft.  of  concrete  and  34,000  lb.  of  reinforcing  steel.  The 
total  weight  of  each  machine  is  1,600,000  lb.  The  time  of  building,  from  the  laying 
of  the  foundations  to  setting  the  machines  to  work,  was  eleven  weeks,  the  work  being 
carried  on  night  and  day  without  a  stop. 

TRADE    NOTES.    CATALOGUES,   ETC. 

The  British  Steel  Piling  Co.,  of  Dock  House,  Billiter  Street,  London,  E.C.3, 
have  just  issued  two  new  catalogues,  one  dealing  with  their  "  Zenith  "  Steam  Friction 
Winches  and  the  other  describing  briefly  their  "  Atlas  "  Ball  Bearing  Jacks.  Copies 
of  these  catalogues  will  be  sent  to  an^-one  applying  to  the  company  at  their  address 
given  above. 

Messrs.  Barimar,  Ltd.,  of  10  Poland  Street,  Oxford  Street,  London,  W.i,  call 
attention  to  tlie  fact  that  thev  can  make  repairs  promptly  to  motor  lorries  at  a  cost 
not  exceeding  /20,  and  to  motor  vans,  cars  and  motor  cycles  not  exceeding  ;/^io,  \\-ithout 
Prioritv  certificates,  provided  the  orders  be  accompanied  by  declarations  as  to  the 
uses  to  which  the  vehicles  are  put.  \\'here  the  costs  exceed  these  figures,  apphcations 
for  permission  to  order  repairs  should  be  sent  to  the  Ministry  of  Munitions,  Priority 
Branch,  Caxton  House,  Westminster,  S.W.t. 

PUBLICATIONS  RECEIVED. 
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EDITORIAL  NOTES. 


THE  CORRECT  PROPORTIONING  OF  CONCRETE. 

The  article  describing  the  tests  which  were  undertaken  by  Messrs.  H.  C.  Johnson 
and  W.  Kingston,  on  page  453  of  this  issue,  while  not  altogether  convincing  to  the 
practical  man,  contains  a  great  deal  of  interesting  matter,  and  it  indicates  a  certain 
amount  of  progression  which  is  commendable.  We  feel,  however,  that  the  results 
and  comments  are  not  such  as  will  lead  to  the  abandonment  of  the  1:2:4  method 
of  specifying  a  concrete  mix,  and  while  it  is  perfectly  clear  that  this  existing 
method  is  not  strictly  scientific  it  is  eminently  practical,  and  some  very  conclusive 
arguments  will  be  necessary  before  a  less  practical  though  more  scientific  speci- 
fication is  adopted. 

WATER     PLAYS     AN     IMPORTANT    PART. 

Exhaustive  tests  and  investigations  as  to  the  ideal  proportions  for  all  classes 
of  concrete  are  absolutely  essential,  and  such  tests  should  certainly  form  part 
of  the  programme  of  the  institute  which  is  devoted  to  the  advancement  of  the 
use  of  concrete,  but  there  are  certain  points  which  must  not  be  overlooked  if  the 
results  are  to  be  absolutely  rehable.  One  of  the  chief  of  these  is  the  fact  that  the 
amount  of  water  used  plays  a  very  important  part  in  the  strength  of  the  resulting 
concrete,  and  in  our  last  issue  we  published  an  article  by  Professor  Duff  A.  Abrams, 
which  showed  in  a  striking  manner  that  as  long  as  a  workable  mix  was  obtained 
then  the  less  the  water  used  the  greater  the  streng  thof  the  concrete. 

Now  it  is  interesting  to  note  in  the  table  prepared  by  Messrs  .Johnson  and 
Kingston  that  in  every  case  the  strongest  concrete  is  that  mixed  with  the  smallest 
percentage  of  water,  regardless  of  the  proportions  of  the  cement  and  aggregate, 
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or  whether  it  was  a  i  :  2  :  4  mixture  or  a  "  corrected  "  mixture  !  In  the  face  of 
this  fact  one  is  rather  tempted  to  consider  whether  the  1:2:4  mixture  might 
not  have  proved  the  stronger  mixture  of  the  two  in  every  case  if  the  percentage 
of  water  had  been  reduced  to  a  Uttle  below  that  used  for  the  corrected  mixture. 
It  is  certainly  curious  that  the  results  should  be  affected  in  this  way,  and  a  good 
case  can  scarcely  be  made  out  for  "  corrected  "  concrete  unless  an  increased 
percentage  of  strength  for  the  cement  used  is  supported  by  the  fact  that  the  same 
amount  of  water  was  used  as  that  employed  for  the  mixture  under  comparison. 
It  wiU  also  be  seen  in  some  examples  that  the  1:2:4  mixture  was  not 
only  stronger  but  that  the  corrected  concrete  showed  a  percentage  decrease  in 
strength.  As  the  values  given  are  average  ones  it  shows  that  the  corrected  concrete 
is  not  absolutely  dependable  although  based  on  scientific  methods,  and,  further- 
more, the  results  given  seem  to  show  a  greater  variation  than  with  the  practical 
method.  There  are  other  curious  features  that  will  be  noticed — viz.,  that  the 
heaviest  concrete  was  produced  with  a  i  :  2  :  4  mix  made  up  with  broken  limestone 
and  coarse  sand,  and  yet  at  the  age  of  three  months  the  concrete  gave  the  lowest 
value  as  regards  strength  of  all  the  1:2:4  mixtures  !  Here  is  another  aspect 
which  must  not  be  lost  sight  of  in  connection  with  these  tests,  and  that  is  whether 
the  small  difference  in  the  percentage  of  cement  between  the  two  classes  of  mixtures 
is  sufficient  to  make  any  real  difference  in  practice. 

PERCENTAGE   OF   CEMENT. 

It  will  be  noticed  that  the  difference  in  the  percentage  varies  from  about 
3  to  "05,  and  unless  some  method  of  measuring  the  cement  in  the  actual  work 
was  adopted  which  was  fool-proof  or  in  some  way  automatic  we  are  afraid  that 
the  variation  due  to  the  uncertainties  of  the  human  element  which  enter  into  the 
gauging  even  with  accurate  gauge  boxes  will  result  in  a  percentage  variation  of 
often  more  than  i  per  cent.  It  is  true  that  where  efficient  supervision  is  emploved 
concrete  mixtures  can  be  turned  out  of  a  uniform  nature,  but  the  supervisor 
cannot  stand  at  the  mixer  all  the  time,  and  by  reducing  the  amount  of  cemen  t 
we  are  allowing  a  smaller  margin  for  waste,  negligence,  or  indifference.  The  only 
two  factors  which  set  up  a  chemical  action  in  the  mixed  concrete  to  give  a  solid 
material  are  the  cement  and  the  water,  and  of  these  one  is  the  most  expensive 
factor  to  the  contractor  and  the  other  is  the  cheapest.  Now  we  do  not 
desire  to  see  cement  wasted,  but  it  is  certainly  necessary  to  ensure  sufficient 
being  used,  and  there  must  be  some  margin  for  the  human  element  as  above- 
mentioned. 

These  practical  points  do  not,  of  course,  in  any  way  detract  from  the  value 
of  any  results  that  may  be  obtained  from  a  scientific  point  of  view,  but  they  should 
not  be  lost  sight  of  when  it  comes  to  the  practical  application  of  such  results.     If 

444 


'^^g^I'Sng^I      correct  proportioning  of  concrete. 


a  stronger  concrete  can  be  produced  with  less  cement  it  is  the  duty  of  every 
engineer  to  protect  his  cUent's  interests  by  seeing  that  he  gets  the  benefit  of  the 
saving  in  cost,  and  the  better  material,  but  he  must  not  run  any  risks  in  achieving 
this  result. 

GRAVEL    AND    BROKEN     STONE     AGGREGATE. 

With  regard  to  the  comparisons  which  are  made  in  the  article  between 
gravel  and  broken  stone  as  an  aggregate,  we  feel  that  the  reasons  put  forward  for 
the  rejection  of  gravel  by  many  people  do  not  quite  hold  good.  In  actual  practice 
many  engineers  find  it  difficult  to  obtain  such  a  good  surface  finish  with  concrete 
made  with  uncrushed  gravel,  as  groups  of  round  stones  will  appear  in  patches  on 
the  face  of  the  work  when  the  shuttering  is  removed.  This  is  generally  caused 
by  the  natural  tendency  of  the  smooth  round  stones  to  run  together  when  the 
concrete  is  placed  in  the  form,  and  as  the  centre  of  the  concrete  so  often  rises 
slightly  above  the  sides  during  the  actual  depositing  these  stones  run  down  toward 
the  face  of  the  forms,  and  it  involves  exceptional  tamping  to  prevent  these  patches, 
which  are  often  nearly  devoid  of  cement,  from  occurring.  The  same  thing  occurs 
at  the  construction  s^ams  caused  by  the  junction  of  new  work  with  old,  as  there  is 
not  the  interlocking  tendency  to  resist  the  downward  movement  of  the  heavy 
particles  as  there  is  with  broken  stone,  and  the  rough  surface  of  the  latter 
also  gives  greater  frictional  resistance  to  such  movement.  This  condition  is 
aggravated  in  the  case  of  gravel  when  the  mixture  is  mixed  with  a  large  percentage 
of  water,  which  makes  the  concrete  liquid  to  flow  around  reinforcement.  Several 
instances  of  the  kind  have  recently  been  observed,  and  the  results  have  led  archi- 
tects and  engineers  to  adopt  broken  stone  in  preference  to  gravel. 

IMPORTANCE     OF    RESEARCH. 

There  is  a  great  deal  to  be  done  in  the  investigation  of  the  best  proportion 
and  method  of  mixing  for  concrete,  and  it  needs  a  few  pioneers,  such  as  Messrs. 
Johnson  and  Kingston,  to  create  a  lively  interest  in  such  matters  and  make  engineers 
generally  realise  the  importance  of  the  subject,  and  although  our  remarks  may 
appear  to  be  critical  in  some  instances  we  must  plead  that  we,  too,  are  pioneers 
who  have  endeavoured  to  stimulate  progress  in  good  concrete  work,  and  as  such  we 
criticise  in  order  to  assist. 

In  conclusion,  it  is  highly  important,  in  our  opinion,  that  a  part  of  the 
research  work  undertaken  in  the  immediate  future  should  include  comprehensive 
tests  of  concretes  made  with  all  the  different  classes  of  aggregates  to  determine  {a) 
the  effect  of  the  percentage  of  water  used  in  relation  to  the  measure  or  weight 
of  the  dry  materials  ;  {b)  the  minimum  amount  of  cement  that  should  be  employed 
with  the  various  aggregates  to  give  concrete  having  specified  minimum  strengths  ; 
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and  (c)  the  best  proportions  for  coarse  aggregate,  fine  aggregate,  cement,  and  water 
for  different  materials  with  the  manner  of  specifying  these,  and,  if  possible,  some 
practical  recommendations,  for  the  benefit  of  the  person  responsible  for  the  work, 
as  to  how  the  gauging  and  mixing  should  be  done  to  ensure  the  specification  being 
comphed  with. 

When  this  has  been  achieved  we  feel  that  a  real  step  forward  will  have  been 
made  in  the  direction  of  the  manufacture  of  concrete  in  conformity  with  scientific 
methods  on  practical  lines. 
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General  View  of  Factory. 


THE  NEW  PREMISES  OF  THE  NATHAN   MANU- 
FACTURING    CO.,     FLUSHING,     LONG     ISLAND. 

By  ERNEST  G.  W.    SOUSTER,   A.R.I.B.A. 

The  statement  that  everything  except  human  nature  will  have  changed  by  the 
time  that  the  war  is  finished  is  now  becoming  a  trite  remark,  and  although  the 
characteristic  conservatism  of  the  average  Briton  may  be  relied  upon  to  favour  a 
status  quo  attitude  and  to  act  as  a  brake  upon  enthusiasts  of  change,  there  is 
no  doubt  that  the  point  of  view  from  which  factory  design  is  and  will  be  in  the 
future  approached  differs  materially  from  that  in  vogue  previous  to  1914. 

It  must,  of  course,  be  admitted  that  some  firms  were  far-seeing  enough  to 
realise  that  the  newer  ideals  of  factory  design  as  exemplified  by  many  American 
corporations  would  in  the  end  tend  to  greater  productivity  and  a  raising  of  the 
self-respect  of  the  worker,  with  a  consequent  humanisation  of  the  whole  of  the 
works,  but,  generally  speaking,  the  legacy  of  mid-Victorian  industrialism  still 
held  sway. 

The  coming  of  the  war  and  the  necessity  of  increasing  output  and 
conserving  the  strength  and  vitality  of  the  workers  has  led  to  searching  analyses 
of  every  department  of  industrial  life  and  has  caused  us  to  examine  and  endeavour 
to  surpass  what  has  been  done  in  America,  where  the  ensemble  of  factory  design 
has  been  raised  to  a  science,  and  we  have  therefore  great  pleasure  in  illustrating 
the  premises  of  the  Nathan  Manufacturing  Co.,  of  Flushing,  Long  Island,  New- 
York. 

As  will  be  seen  from  the  general  plan,  the  site  of  the  works  is  somewhat 
irregular,  but  is  boimded  on  three  sides  by  streets,  whilst  the  rear  abuts  upon  a 
canal,  thus  giving  facilities  for  water-borne  traffic. 

The  main  block  of  the  buildings  is  set  back  a  good  distance  from  the  public 
roadway  and  is  approached  by  a  drive  bordered  on  either  side  with  grass  and 
trees. 

The  administrative  block,  placed  axially  to  the  drive,  occupies  the  front  of 
the  mainblock,  and  continuing  this  axis  a  gangway  (see  Figs,  i  &  5)  runs  from  rear 
of  this  building  through  the  whole  structure.  This  gangway,  which  is  26  ft.  wide 
and  34  ft.  high  to  springing  of  beams  carrying  roof,  is  top  lighted  and  has  two 
travelling  cranes  of  7  tons  capacity  running  from  end  to  end  ;  the  runner  for 
them  being  supported  by  reinforced  concrete  corbels  projecting  from  each  main 
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pier.  From  this  gangway  access  is  gained  to  each  of  the  six  departments  of 
the  works,  which  are  placed  at  right  angles  to  it  and  at  distances  of  40  ft.  apart 
(see  Figs,  i  &  2).  All  these  structures  are_built  on  a  unit  system  of  25  ft.  by  20 
ft.,  thus  giving  a  M'idth  of  about  60  ft.  to  each  building. 


Bridges  across  gang\vay  connect  the  upper  floors,  and  between  the  blocks  and 
on  either  side  of  the  gangway  four  groups  of  conveniences,  locker  rooms  and 
staircases  have  been  arranged.  This  concentratioii  of  all  sanitary  conveniences 
leaves  clear  rectangular  working  spaces,  and,  to  prevent  unnecessary  interruption 
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in   the   works,   drinking   fountains   have   been   placed   in   convenient   positions 
throughout  the  buildings. 

The  administrative  block  (see  Fig.  3)  is  three  stories  in  height.     The  ground 
floor  is  occupied  by  general  offices  and  work-rooms,  the  first  floor  by  executives 


1 

• 
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aiid  directors,  and   the  second  floor  serves  as  separate   dining-rooms  for  both 
chiefs  and  staffs,  kitchen  department  and  rest-rooms. 

At  the  rear  of  the  administrative  building  and  from  each  of  the  upper  floors 
of  it  access  is  obtained  to  galleries  overlooking  the  gangway,  and  passages  therefrom 
allow  any  portion  of  works  to  be  easily  reached  (see  Fig.  5). 
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CONSTRUCTION. 

The  site  of  the  factory  being  on  marshy,  low-lying  land,  certain  Hifficulties 
were  met  with  in  the  design  of  the  foundations,  and  borings  having  proved  that 
a  spread  foundation  was  inadequate,  timber  piles  varying  from  30  to  60  ft.  were 
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driven.     On  these  piles  12  in.  concrete  slabs  were  placed  andjthe  entire  tooting 

formed  ilpon  them. 

The  ground  floor  consists  of  a  beam  and  concrete  arched  slab  and  was  formed 

by  constructing  the  beams  with  notch  to  ^ecei^'e  the  concrete  arch.     H>--rib  was 

then  placed  between  beams  and  concrete  poured  to  the  finished  surface.     The 
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bin-  ■*■     roiiiiarj  and  Power  House. 


Fig.  5.     Gangway  throufjh  Works. 
Factory  for  the  Nathan  Manufacturing  Co..  Fllshing.  Long  Island,  New  York. 
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necessary  service  pipes  were  hung  from  these  beams  by  means  of  hangers  placed 
in  position  before  the  arch  was  formed. 

The  first  floor  and  roof  consist  of  flat  slabs  with  mushroom  supports  over 
the  piers,  but  in  the  foundry  and  power  house,  where  internal  columns  are  omitted, 
steel  trusses  resting  at  ends  on  reinforced  concrete  piers  span  the  whole  building 
and  carry  a  reinforced  concrete  roof  slab. 

The  construction  of  the  administrative  building  is  of  reinforced  concrete 
walls  and  columns  and  steel  floors. 


Fig.  6.      Second  Floor  Hall  and  Library — Ailministr.ition  Building. 
Factory  for  the  N.athan  Manufacturing  Co.,  Flushing,   Long  Island.  New  York. 

Throughout  the  building  both  horizontal  and  vertical  pipe  ducts  have  been 
formed  and  shaft  hangers  built  into  ceilings  and  columns  so  that  machines  may 
be  moved  as  required. 

During  the  progress  of  the  work  the  concrete  was  mixed  and  distributed  by 
means  of  a  platform  fixed  on  the  piles  prepared  for  one  of  the  sanitary  blocks, 
and  this  occupied  a  relatively  central  position  in  the  structure. 

A  tower,  130  ft.  high,  was  built  here  and  the  concrete  distributed  to  the 
positions  required  by  means  of  chutes,  and  where  this  was  impossible  buggies 
received  the  mixture  from  chutes  and  carried  it  to  its  destination. 

The  architect  for  the  works  was  Mr.  Eugen  Schoen,  of  112,  East  Nineteenth 
Street,  New  York,  the  consultant  engineer  being  Mr.  Isador  Fried,  and  to  these 
gentlemen  we  are  indebted  for  the  information  contained  in  this  article  and  for 
the  loan  of  the  illustrations. 
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Bv  H    C.  JOHNSON  and 

W.   KINGSTON,  B.E.   [University 

College,  Cork.] 


The  question  of  the  correct  proportioning  of  concrete  is  one  that  is  receizi.ng  considerable 
attention  at  the  moment  and  the  results  of  the  tests  recently  carried  out  at  the  CorkUnt'oersity 
'will  probably  be  of  interest  to  our  readers- — ED. 


The  following  series  of  tests  was  undertaken  with  a  view  to  showing  that  the 
common  practice  of  specifying  for  concrete  such  proportions  as  i  :  2  :  4,  i  :  3  :  6, 
etc.,  is  not  practical  and  is  unscientific,  since  it  does  not  take  into  consideration 
the  adaptability  of  the  grading  to  the  production  of  the  best  possible  concrete 
with  the  given  aggregates. 

There  are  three  facts  about  1:2:4  concretes  which  suggested  the  lines  on 
which  one  should  aim  at  proportioning  concrete  : — 

(i)  The  amount  of  cement  in  a  finished  volume  of  i  :  2  :  4  concrete  varies, 
with  different  aggregates,  by  as  much  as  30  per  cent.  This  has  originated  the 
erroneous  idea  that  gravel  is  not  so  good  as  stone  as  an  aggregate,  while  the 
fact  is  that  a  greater  volume  of  concrete  is  produced  by  using  gravel.  Hence 
gravel  has  often  been  rejected  in  favour  of  stone  as  an  aggregate,  when,  if  given 
an  equal  chance,  it  would  have  made  an  equallv  strong,  more  workable  and 
more  impervious  concrete. 

(2)  The  proportion  of  sand  to  large  aggregate  in  1:2:4  concrete  is  always 
the  same  no  matter  what  kind  the  aggregate  is.  Now,  tests  have  proved  that 
the  grading  being  satisfactory,  the  coarser  the  aggregate  the  stronger  the  concrete. 
The  reason  for  this  seems  to  be  that  the  surface  area  of  small  aggregate  is  greater 
than  that  of  large,  and  therefore  more  cement  is  needed  in  uniting  these  small 
particles  (which  are  united  in  themselves  in  the  large  aggregate).  Therefore,  it 
seems  unreasonable  to  introduce  into  a  concrete  more  of  this  small  aggregate 
than  is  absolutely  necessary. 

(3)  1:2:4,  I  •  2| :  5  and  similar  concretes  vary  in  density  because  no 
attempt  is  made  to  obtain  a  concrete  of  the  greatest  weight  per  cu.  ft.  for  a  given 
set  of  aggregates.  The  result  of  this  is  a  weaker  and  more  porous  concrete, 
affording  less  protection  to  the  steel  in  reinforced  work. 

From  these  facts  it  was  decided  to  try  to  improve  on  the  old  method  of 
proportioning  by  making  concretes  having  : — 

(i)  Equal  percentages  of  cement  in  the  finished  volume  of  concrete. 
(2)  Least  possible  amount  of  the  small  aggregate  consistent    with   the 
production  of  a  workable  concrete. 
{3)  Greatest  density. 
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This  is  called  "  corrected  concrete,"  and,  for  comparison,  a  series  of  ordinary 
1:2:4  concretes  was  made  with  the  same  aggregates.   • 

From  a  previous  series  of  experiments  it  was  found  that  the  average  amount 
of  cement  in  1:2:4  concretes  is  about  21  per  cent.,  which  it  was  decided  to 
use  for  all  the  "  corrected  concretes." 

Sand  is  introduced  into  concrete  to  fill  the  voids  in  the  large  aggregate  and 
to  make  the  mixture  workable.  The  voids  in  the  large  aggregate  are  just  filled 
when  the  weight  per  cu.  ft.  of  the  concrete  ceases  to  increase,  and  any  more 
sand  only  spreads  the  mass  and  weakens  the  concrete,  and  is  unnecessar}-  provided 
the  concrete  is  workable. 

METHOD    OF   PROPORTIONING. 

The  method  adopted  in  finding  the  correct  proportions  was  therefore  as 
follows  : — 

It  is  needless  to  say  that  previous  knowledge  of  mixtures  and  the  results 
to  be  expected  are  very  necessary  in  arriving  quickly  at  the  correct  proportions. 
The  following  table  shows,  step  by  step,  the  procedure  adopted  in  finding  the 
proportions  for  a  20%  mix.  It  wiil  be  noted  that  the  quantity  of  cement  to 
be  contained  in  i  cu.  ft.  of  finished  concrete  (20  per  cent,  of  i  cu.ft.)  is 
introduced  at  the  start  and  none  added  later,  but  in  the  case  of  the  aggre- 
gates a  smaller  quantity  than  is  required  in  the  finished  concrete  is  taken,  and 
additions  are  made  later  as  is  thought  necessary. 

Take  i  cu.  ft.  pail  and  measure  out  o-8  cu.  ft.  of  gravel  and  0-25  cu.  ft.  of 
sand.  Weigh  out  o-io  of  i  cu.  ft.  of  cement,  10  lb.  (reckoning  cement  =  100  lb. 
per  cu.  ft.).  Mix  in  the  usual  way  udth  water,  and  find  volume  and  weight  of 
resulting  concrete.  This  will  not  produce  i  cu.  ft.,  so  turn  out  and  add  sand 
until  a  workable  concrete  is  obtained,  and  if  this  does  not  fill  the  pail  add  large 
aggregate,  mixing  and  measuring  on  each  addition  until  the  i  cu.  ft.  is  arrived 
at.  We  now  have  i  cu.  ft.  of  concrete  containing  exactly  20  per  cent,  cement, 
and  having  the  smallest  necessary  amount  of  small  aggregate. 

EXAMPLE. 


Gravel. 


Sand.        Cement. 


Vol. 


Weight.      Wt.  cu.  ft. 


Remarks. 


cu   ft. 
04 


0-4 
0-4 


0-425 
4i 


CU.  ft. 
0-125 

0-15 
0-175 

0-175 


cu.  ft. 
o-i 

o-i 

o-i 

O-I 


cu.  ft. 
0-435 

0-460 

0-488 


lb. 
62 

67 


0-502  73* 

are  correct  proportional 


lb. 
144 

i45i 

I45i 

I46i 


Not    workable,     therefore     add 

sand  0-025  cu.  ft. 
Still     unworkable,      add      sand 

0-025  cu.  ft. 
Workable,  but   not  to  volume, 

add  gravel  0-025  cu.  ft. 
Correct. 


GRANULOMETRIC  ANALYSIS  OF  LARGE  AGGREGATES. 
Percentage  by  Volume  Retained  on  Sieves. 

Sieves. 

Youghal 
Gravel. 

Inniscarra 
Sandstone. 

Newbridge 
Gravel. 

Cork 
Limestone. 

:   to  i 
'   toi 
itof 
ftoi 
Itoi 

7 
10 
17 
42i 
35i 

112 

2-5 
10 

^7 
38-8 
39-5 

1-8 
10 

14 
38 
41 

9 
32 
22 

8 
39 

Total 

107-8 

104-8 

110 
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GRANULOMETRIC  ANALYSIS  OF  SMALL  AGGREGATES. 
Percentage  by  Volume  Retained  on  Sieves. 


Sieves. 


Wicklow  Sand. 


Leighton  Buzzard  Sand. 


itoi 
i  to  t's 

IB    '•O  3  5 
sS   to  s*5 

Passed  s^g 
Total 


0-3 

38 
62-5 

100-8 


14-3 
41-6 
45-8 

102-7 


Note. — These  percentages  are  based  on  the  original  volume  of  the  aggregate.  When  separated 
into  parts  by  the  sieves  the  volume  got  by  adding  the  parts  is  greater  than  the  volume  of  the  original 
aggregate,  and  the  greater  this  volume  the  better  the  grading. 

MATERL-^LS. 

Large  Aggregate.  — The  large  aggregates  used  were  : — 
Youghal  gravel  (sandstone). 
Inniscarra  stone  (sandstone). 
Newbridge  gravel  (limestone). 
Cork  stone  (limestone). 
The  Youghal  gravel  was  taken  from  the  beach  at  Youghal  and  passed  through 
|-in.  and  held  on  |-in.  sieve.     This  is  a  well-graded  gravel  of  old  red  sandstone. 
The  Inniscarra  stone  was  taken  from  the  crusher  and  screened  on  the  f-in. 
and  J-in.  sieves.     This  is  a  hard  green  sandstone  which  breaks  with  sharp  angles. 
The  Newbridge  gravel,  as  obtained  from  the  pit  at  Newbridge,  co.  Kildare, 
is  a  uniform-sized  black  limestone  almost  all  passing  |-in.  sieve. 

The  Cork  stone  was  hand  broken.     It   is  a  well-graded  hard  crystalline 
limestone  (|  in.  to  ^  in.). 

The  granulometric  analysis  of  these  are  shown  in  the  table. 
Fine  Aggregate. — The  fine  aggregate  used  was  : — 
Wicklow  sand. 
Leighton  Buzzard  sand. 
The  Wicklow  sand  was  a  very  fine  clean  quartz  sand. 

Leighton  Buzzard  sand  was  the  run  of  the  pit,  and  medium  sized.     The 
granulometric  analysis  is  given  in  the  table. 

Cement.  — The  cement  used  was  a  mixture  of  two  brands  : — 
South  Wales  Portland  cement. 

Irish  Portland  cement  (Magheramorne,  co.  Antrim). 
In  order  that  the  mixture  might  be  as  uniform  in  quality  as  possible  it  was 
given  250  turns  in  the  Olsen  "  Rattler  "  stone-testing  machine. 

The  strengths  of  the  separate  and  combined  cements  are  as  follows  : — 


Fineness. 

Paste. 

Mortar. 

Per  cent.  Water. 

76             180 

7d 

28d 

1 
7d            28d 

Paste.      Mortar. 

South  Wales     

Magheramorne 

Combined 

0-2 
0-21 

7-47 

8-67 

650 
470 
545 

715 
620 
670 

364           430 
233            400 
286            417 

21-25         8-33 
22-4            8-5 

Number  of  Test  Specimens.  — This  gave  four  large  aggregates,  two  sands 
and  one  cement,  from  which  eight  batches  of  "  corrected  "  and  eight  batches 
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of  I  :  2  :  4  concretes  were  made,  each  batch  consisting  of  six  6-in.  cubes  and  six 
cubes  of  10  sq.  in.  face,  giving  ig8  specimens. 

MIXING. 

The  concrete  was  mixed  in  a  Ransome  batch  mixer.  The  weight  per  cu.  ft. 
of  all  materials  was  first  found,  and  all  volumes  were  then  measured  by  their 
corresponding  weights  to  eliminate  the  errors  of  volume  measurement.  All 
the  aggregates  necessary  for  a  batch  were  placed  beside  the  mixer,  and  the  mixer 
was  then  started.  The  large  aggregate  was  put  in,  and  lo  lb.  of  water  was 
added,  and  afterwards  the  sand  and  cement.  Additional  water  was  then  added, 
and  after  five  minutes  the  batch  was  discharged  into  a  pan.  A  little  more  water 
was  put  in  to  clear  the  mixer,  and  after  a  few  turns  was  discharged  into  a  pail. 
Some  of  this  was  put  into  each  mould  to  get  a  better  surface  on  the  specimen, 
and  the  concrete  was  then  scooped  in.  The  concrete  was  of  such  a  consistency 
that  very  little  ramming  was  necessary  to  bring  water  to  the  surface.  The 
trowel  was  inserted  between  the  concrete  and  the  face  of  the  mould  to  bring 
the  finer  material  to  the  face  of  the  specimen.  The  finished  volume  of  the 
concrete  and  the  weight  of  water  used  were  ascertained,  and  careful  note  was 
taken  of  all  operations.  The  following  is  an  exact  copy  of  an  entry  in  the  book 
during  one  operation  : — 

"  Batch  B I  ...         ...         ...     Newbridge  gravel. 

4:2:1  concrete  with  fine  sand. 
Quantities  required  : — 

Gravel,  73  lb.  ii|  oz.  (076  cu.  ft.). 

Sand,  35  lb.  |  oz.  (0-38  cu.  ft.). 

Cement,  19  lb.  o  oz.  (0-19  cu.  ft.). 
The  mixer  was  started  at  11.40,  and  the  gravel  and  water  were  put  in.      The 
sand  and  cement  were  introduced  at  11. 41,  and  additional  water  was  then  added 
to  bring  to  the  proper  consistency.     The  mixer  was  discharged  at  11.46.     The 
mix  was  fairly  wet,  and  very  easily  worked. 

Finished  vol 0-87  cu.  ft. 

Water  used        12-33  lb." 

CURING    OF   SPECIMENS. 

The  specimens  were  allowed  to  remain  in  the  moulds  for  48  hours,  after 
which  they  were  taken  out  and  immersed,  two  deep,  in  water  in  a  large  tank, 
where  they  remained  for  seven  days.  They  were  then  taken  out  and  laid  singly 
on  the  floor  of  the  laboratory  so  that  five  faces  of  each  cube  were  exposed  to 
the  air.  This  procedure  is  quite  essential  to  secure  uniformity  in  the  shape 
and  condition  of  the  specimens. 

TESTING. 

When  the  specimens  were  to  be  tested  each  cube  was  measured  and  weighed. 
It  w^as  then  found  that  the  faces  of  the  6-in.  cubes,  cast  in  wooden  moulds,  were 
not  quite  flat,  so  that  it  was  necessary  to  grind  down  the  surface  by  constant 
rubbing  on  the  floor  until  a  true  face  was  obtained.  The  cubes  were  then  placed, 
without  packing,  on  a  spherical  seat  in  the  200,000-lb.  Olsen  testing  machine 
and  tested  to  ultimate  load. 
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CONCLUSIONS. 

(i)  Arbitrary  proportions,  such  as  1:2:4,  1:3:6,  should  not  be  used  in 
specifying  for  concrete. 

(2)  The  quantity  of  cement  should  be  based  on  the  finished   v^olume  of 
concrete,  and  be  defined  as  a  certain  percentage  of  this. 

(3)  The  aggregates  should  be  tested  to  find  the  proportions  that  will  produce 
the  best  possible  concrete  with  the  specified  percentage  of  cement. 

(4)  Gravel  is  as  good  an  aggregate  for  concrete  as  stone,  if  not  better,  because 
it  requires  less  sand  to  make  it  workable. 

(5)  In  so-called  1:2:4  concretes  lower  strength  is  got  with  the  finer  small 
aggregate. 

(6)  In  concrete  proportioned  as  described,  the  size  of  the  small  aggregate 
does  not  make  such  a  difference  because  less  of  the  finer  sand  can  be  used. 

(7)  In  all  cases  concrete  containing  the  same  aggregates  gives  increase  of 
strength  with  increase  of  density. 
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The  folloiving  article  and  illustrations,  reproduced  from  "Engineering  Ne^ws-Secord," 
indicates  the  aesign  follcwed  by  the  American  Go'vernment  in  the  construction  of  their 
Concrete  Ships.  The  shape  and  size  are  in  accordance  "with  the  Standard  "wooden  ship  of 
the  same  tonnage. — ED. 


Concrete  ship  construction  is  now  being  undertaken  by  the  United  States 
Government  on  a  large  scale.  Vessels  of  approximately  3,000-ton,  3,500-ton 
and  7,500-ton  cargo  carrying  capacity  have  already  been  contracted  for,  and 
construction  on  the  smallest  of  the  three  types,  designed  by  the  contractors 
under  Government  supervision,  has  been  commenced  in  two  yards.  The  concrete 
ship  department  of  the  United  States  Shipping  Board,  Emergency  Fleet  Cor- 
poration, of  which  R.  J.  Wig  is  chief  engineer,  has  also  prepared  the  design  for 
the  3,500-ton  ship,  of  which  two  are  to  be  built. 

To  utilise  the  already  designed  and  partly  manufactured  engines  and 
fittings  for  the  Fleet  Corporation's  standard  wooden  ships,  the  first  standard 
concrete  ship  was  made  of  approximately  the  same  capacity,  dimensions  and 
form,  except  that  the  sheer  line  amidships  of  the  concrete  ship  has  been  slightly 
altered  and  no  exterior  keel  is  fitted.  The  general  arrangement  of  the  ship 
itself  and  of  the  propelling  machinery  is  the  same  in  both  types.  As  shown  in 
one  of  the  drawings,  the  ship  is  of  single  deck  over  its  full  section,  with  a  poop 
deck  at  the  stern,  a  forecastle  deck  at  the  bow,  and  a  bridge  deck,  with  a  wood 
frame  cabin  house  amidships.  A  single  screw  turned  by  a  1,400  h.p.  recipro- 
cating engine  located  amidships  will  give  a  speed  of  approximately  io|  knots. 
The  boilers  may  burn  either  coal  or  oil. 

The  ship  has  a  length  over  all  of  281  ft.  10  in.,  a  length  between  perpen- 
diculars of  268  ft.,  beam  over  shell  of  46  ft.,  depth  amidships  at  sides  of  28  ft. 
3  in.,  and  a  loaded  draft  of  23I  ft.  As  shown  in  Table  I.,  giving  the  comparative 
weights  of  concrete,  wood  and  steel  vessels  of  the  same  type,  the  concrete  ship 
light  weighs  2,972  tons,  having  a  carrying  capacity  of  3,203  tons,  and  a  full-load 
displacement  of  6,175  tons.  It  compares  closely  in  these  dimensions  with  the 
similar  wooden  ship  of  somewhat  larger  dead- weight  carrying  capacity,  but, 
as  will  be  noted  from  the  table,  it  is  nearly  twice  as  heavy  empty  as  a  steel  ship, 
similarly  rated,  which  has  a  carrying  capacity  10  per  cent,  greater.  Estimates 
of  cost  by  the  Shipping  Board  are  between  $100  and  $125  per  ton  for  concrete 
ship  dead- weight  carrying  capacity  as  against  $165  for  wooden  ships,  and  $180 
to  $220  for  steel  ships. 
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TABLE  I. 
Comparative  Weights  of  Concrete,  Wood  and  Steel  Vessels  of  Nominal  3,500-TON 

Dead  Weight  Capacity. 

Concrete. 

HuU       2,500 

Fittings,  outfit,  and  equipment 


Propelling  machinery 
Margin 

Ship  (light) 


Reserve  feed 

Ordnance 

Fuel 

Stores    ... 
Cargo     ... 


Total  dead  weight   ... 
Full-load  displacement 
Percentage  dead  weight  to  full-load  displacement 


191 

206 

75 

2,972 


3,203 

6,175 

52 


2,777 


3.123 

5,900 

53 


Steel. 

1,160 
180 
200 
60 


i 


1,600 


80 

80 

80 

23 

23 

23 

300 

300 

300 

40 

40 

40 

2,760 

2,180 

3,057 

3,500 
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Section    through    Engine   Room 
(Uookinfj       Forwcrd) 


Section   through    Boiler    Room 

(Lookrnq    Aft)  ' 


Two  Cross  Sections. 
American  Concrete  Ship  Design. 


In  the  general  shaping  of  the  hull  very  little  change  from  the  standard  \\ood 
ship  has  been  made  as  a  concession  to  the  use  of  concrete.  The  midship  section, 
which  continues  for  about  35  per  cent,  of  the  length,  is  practically  square.  There 
is  a  slight  batter  in  the  bridge  deck  bulwark,  and  a  rise  of  9  in.  in  the  bottom 
from  the  centre  to  the  bilge  keelsons. 

Stiffness  of  the  bottom  is  aided  by  one  centre  keelson  and  two  bilge  keelsons, 
the  former  turning  to  make  stern  and  stem  posts,  and  the  latter  following  the 
curve  of  the  hull  and  ending  at  the  collision  bulkheads.  These  keelsons  are 
concrete  girders  reinforced  with  rods  in  their  upper  and  lower  sections  and  tied 
together  with  frequently  spaced  stirrups.  They  frame  into  the  transverse 
frames  of  the  vessel,  which  are  spaced  5  ft.  apart  on  centres.  These  frames 
are  reinforced-concrete  girders  turned  at  the  corners  to  meet  the  curve  of  the 
hull  and  re-entering  at  the  main  deck  to  form  the  transverse  deck  girders  which 
carry  the  deck  and  serve  as  cross-braces  for  the  side  members  of  the  frames. 
The  bridge  deck  bulwark  is  in  effect  a  continuation  upward  of  the  shell  of  the 
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ship,  being  formed  of  girder  frames  and  an  outer  shell.  It  is  provided  with  an 
expansion  joint  about  amidships.  The  main  frames  are  additionally  stiffened 
by  longitudinal,  horizontally-placed  stringers  about  three-quarters  of  the  way 
up  the  frame. 

Integral  with  the  main  frames  is  the  shell,  a  continuous,  reinforced-concrete 
plating  5  in.  thick  on  the  bottom  and  up  to  a  point  6  ft.  above  the  base  Une, 
and  4  in.  thick  through  the  remainder  of  the  hull  to  the  deck  line.     The  main 
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Cross-Frames  and  Shell  in  one  of  the  Midship  Sections 
American  Concrkti;  Ship  Design. 


deck  is  also  a  4-in.  reinforced-concrete  slab  continuous  except  for  the  hatch 
openings,  which  are  stiffened  by  the  usual  combings. 

The  shell  is  reinforced  at  its  outer  and  inner  faces  with  J-in  to  |-in.  square 
bars  running  around  the  shell  parallel  to  the  water  line,  and  spaced  at  distances 
varying  from  4  in.  to  12  in.  c.  to  c,  as  shown  on  the  cross-section  drawing.  These 
rods  are  designed  to  be  placed  i|  in.  from  the  face  of  the  concrete  on  both  outer 
and  inner  faces. 
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In  addition,  there  are  vertical  |-in.  shear  bars  between  the  horizontal  rods 
spaced  on  varying  centres.  They  extend  around  the  entire  shell  and  deck. 
The  detail,  a  heavy  connection  forming  in  effect  a  longitudinal  girder  between 
the  shell  and  the  deck  is  shown  in  one  of  the  drawings. 

Between  hatches  in  the  cargo  holds  the  deck  beams  have  intermediate 
supports  in  the  way  of  reinforced-concrete  stanchions  designed  as  columns, 
these  stanchions  being  braced  longitudinally  at  about  half  their  height  with 
reinforced-concrete  struts.  In  the  stern  half  of  the  boat  the  shaft  tunnel  is  of 
reinforced-concrete  framing,  and  the  stanchions  are  supported  on  the  cross- 
beams in  the  shaft-tunnel  roof,  which  in  turn  span  between  short  posts  on  either 
side  of  the  tunnel. 
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American  Conxrete  Ship  Design. 

Foundations  for  the  engines  and  the  boilers  are  on  steel-plate  girders  footing 
on  an  extra  framing  of  longitudinal  reinforced-concrete  girders  running  parallel 
to  the  keelsons. 

Four  transverse  watertight  bulkheads  are  provided.  Two  are  collision 
bulkheads  near  the  bow  and  the  stern,  and  two  enclose  the  engine-room  space. 
Details  of  these  bulkheads  are  given  in  one  of  the  drawings.  They  consist  of 
concrete  slabs  reinforced  with  transverse  and  longitudinal  steel,  and  backing 
against  vertical  stringers  and  beams  which  frame  into  the  main  frames  and 
deck  girders.     The  engine-room  bulkheads  are  slabs  stiffened  by  vertical  beams 
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extending  from  short  stringers  in  the  bottom  between  two  frames  to  similar 
stringers  framing  into  the  deck  beams. 

A  special  effort  has  been  made  to  avoid  sharp  turns  in  the  steel  reinforce- 
ment, particularly  in  the  main  frames  which  are  turned  on  long  radius  curves. 
Steel  reinforcement  in  the  hull  will  be  |  in.  and  |  in.  in  diameter.  Larger  rods, 
as  shown  in  the  illustration,  are  in  the  interior  framing.  All  reinforcement 
will  be  continuous,  though  the  exact  method  of  insuring  this  continuity  has 
not  yet  been  decided.  Neither  has  the  exact  nature  of  the  aggregate  been 
settled,  although  experiments  have  been  made  mth  various  light-weight  aggregates 
•which  seem  to  promise  a  possibility  of  a  concrete  weighing  less  than  no  lb.  per 
cu.  ft.,  with  a  strength  of  4,000  lb.  per  sq.  in.  at  28  days. 

An  analysis  of  the  ship  to  determine  its  stability  shows  that  the  metacentric 
heights  in  the  light  and  full-load  conditions  are  respectively  2-15  ft.  and  2*2  ft. 
This  is  well  within  the  Umits  of  present  practice  for  vessels  of  this  type  and  size. 
The  freeboard  amidships  at  the  side  is  4  ft.  g  in. 

As  this  is  a  seagoing  vessel,  it  has  to  be  analysed  to  take  care  of  the  extreme 
condition  of  a  ship  in  open  ocean.  Standard  practice  for  the  longitudinal 
analysis  has  been  followed — that  is,  the  same  basic  assumptions  as  to  length, 
depth  and  form  of  wave  and  the  same  method  of  procedure  as  is  standard  in 
analysing  steel  ships  was  followed  throughout.  Hogging  and  sagging  analyses 
were  made  for  five  conditions  of  load  and  sea.  The  strength  of  the  ship's  shell 
was  determined,  analysing  the  ship  as  a  hollow  beam  with  tension  and  com- 
pression going  to  the  bottom  and  deck.  The  results  of  the  analyses  are  shown 
in  Table  II.  The  strength  of  the  shell  plating  as  a  slab  spanning  the  frames 
was  considered  in  combination  with  longitudinal  flexural  stresses.  The  Concrete 
Ship  Department  made  analyses  of  the  frames  for  conditions  due  to  different 
loadings  of  the  hull  and  to  transverse  rolling.  This  transverse  section  was 
designed  to  stand  outside  water  pressure  with  water  to  the  gunwales  and  with 
minimum  cargo  load,  with  maximum  cargo  load  and  a  sagging  draft  of  15^  ft., 
and  in  listed  positions  with  loading  both  light  and  heavy. 

For  all  these  conditions  of  loading  the  frames  were  designed  to  have  stresses 
not  to  exceed  16,000  lb.  per  sq.  in.  in  the  steel  and  1,500  lb.  per  sq.  in.  com- 
pression in  the  concrete.  Bulkheads  were  designed  to  carry  a  head  of  water 
on  either  side  up  to  deck.  The  collision  bulkheads  fore  and  aft  were  designed 
for  1,500  lb.  per  sq.  in.  in  the  concrete  and  16,000  lb.  per  sq.  in.  in  the  steel. 
Steel  stress  in  the  engine-room  bulkheads  was  advanced  to  20,000  lb.  per  sq.  in. 
The  deck  was  designed  to  carry  5  ft.  of  water  or  its  equivalent,  which  is  some- 
what in  excess  of  the  loading  on  the  decks  of  standard  steel  ships  being  built 
by  the  Emergency  Fleet  Corporation. 

Extra  strong  and  a  more  plastic  concrete  is  expected  to  be  achieved  by 
the  use  of  a  specially  fine  cement.  Any  standard  Portland  cement  which  will  meet 
the  Government  specifications  may  be  used,  provided  the  fineness  is  increased 
so  that  at  least  90  per  cent,  will  pass  a  No.  200  sieve.  This  is  hoped  to  give  a 
concrete  of  4,000  lb.  per  sq.  in.  compressive  strength  at  the  end  of  28  days. 
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TABLE  II. 

Stresses  in  Government  3,500-TON  Concrete  Ship. 


Condition. 


Maximum  1 
Bending  j 
Moment 

Foot-Tons. 


Maximum  Tons  per  sq. 
in.  Fibre  Stress  in — 


Deck 
Reinforce- 
ment. 


Keel 
Reinforce- 
ment. 


Lb.  per  sq. 
in.  Fibre 
Stress  in 
Concrete. 


Ship  without  cargo,  hogging 

Ship  fully  loaded,  hogg:ng  

Ship  without  cargo,  sagging 

Ship  light  with  enough  cargo  in  forward  hole 

to  trim  sagging 
Ship  fully  loaded,  sagging  


25,175 
37,000 
14,400 

11,960 
9.400 


5-53 
5-63 
1-28 

1-07 
0-84 


2-8o 
2-95 
263 

219 
1-72 


Plon     of      Aft      Encjinff 


Room      BulkHffod 


728 
766 

270 

210 
70 


Bulkhead  designed  to  take  full  head  of  water  inside  hold  of  vessel. 
American  Concrete  Ship  Design. 

With  a  standard  150-lb.  concrete  it  is  estimated  that  the  ship  will  contain 
1,761  tons  of  concrete,  400  tons  of  reinforcement  steel,  and  811  tons_of  wood, 
fittings,  machinery  and  equipment,  making  a  total  of  2,970  tons,  as  shown  in 
Table  I.  That  is,  the  steel  in  the  reinforced-concrete  ship  will  be  about  one-third 
of  the  amount  of  steel  in  the  steel  ship  of  equal  capacity. 
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CONCRETE  BRIDGE 

IN    ITALY 

ON  THE  RIVER  ADDA, 

AT  BRIVIO. 


(Translated  by   DR.   A.   B.  SEARLE.) 

An  Important  and  interesting  br-dge,  carried  out  entirely  in  concrete,  has  recently  been  com- 
pleted in  Italy,  and  "we  present  heretvith  a  few  particulars  and  illustrations  of  same.  —ED. 


This  bridge,  giving  access  to  the  railway  station  of  Cisano  Bergamasco,  is  entirely 
constructed  of  concrete,  and  is  444  ft.  in  length  and  30  ft.  in  width,  with  a  24-ft. 
roadway,  flanked  by  two  raised  footpaths,  each  2  ft.  7  in.  wide.  The  roadway  is 
about  26  ft.  above  the  average  level  of  the  river.  The  span  of  the  centre  arch  is 
177  ft.,  and  that  of  each  side  arch  is  144  ft.  The  arches  are  each  supported  on 
two  massive  pillars  and  shoulders,  built  of  concrete  on  a  group  of  concrete  piles 
made  on  the  "  Considere  "  system,  driven  for  a  length  of  43  to  53  ft.  through  the 
muddy  bottom  of  the  river  to  the  solid  ground  beneath  by  means  of  a  steam 
hammer  weighing  4  tons.  Some  of  these  piles  were  driven  at  an  inclination 
of  I  :  13. 

The  factor  of  safety  of  the  piles  is  about  10  ;  the  normal  load  of  each  pile 
averages  35  tons.  The  weight  is  distributed  uniformly  on  the  piles  by  means 
of  a  superposed  concrete  slab  about  3  ft.  thick. 

The  foundations  of  the  structure  are  protected  by  a  pitch  pine  shuttering 
5  in.  thick. 

Each  pillar  measures  43  ft.  by  13  ft.,  and  rests  on  48  steel-shod  piles  of  square 
section  and  14  in.  side.  The  sole  of  the  roadway  is  5  in.  thick  ;  beams  12  in.  by 
30  in.  are  placed  transversely  to  vertical  bars  11  in.  by  24  in.,  and  to  longitudinal 
external  beams  18  in.  by  40  in.  Each  of  these  beams  is  provided  with  a  support 
of  round  iron  rods  of  about  64  sq.  in.  cross-section,  fitted  with  collars  and  coupling 
irons. 

Each  beam  makes  contact  with  pillars  and  shoulders  by  means  of  cast 
steel  rollers,  which  allow  the  free  expansion  of  the  upper  platform  with  variations 
in  temperature. 

The  concrete  roadway  is  protected  by  a  layer  of  waterproof  asphalt  with  a 
layer  of  concrete  and  gravel  on  it. 

The  edges  of  the  two  footpaths  are  provided  with  L  irons  ;  the  paths  are 
paved  with  small  pressed  concrete  tiles.  The  parapet  wall  of  the  bridge  is  of  cast 
ironwork. 

The  pillars  are  chiselled,  and  all  the  exposed  parts  of  the  concrete  have  been 
carefully  plastered  with  cement  mortar. 
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The  bridge  was  designed  to  carry  a  double-track  electric  tramway,  a  steam 
roller  of  22  tons,  and  for  a  dense  crowd  of  people  calculated  at  10  cwt.  per  square 
yard. 


The  equilibrium  was  calculated  on  the  theory  of'an  elastic  arch  with  rigid 
cross-bar ;  the  axis  of  the  arch  was  made  to  coincide  with  the  curve  of  the  pressures 
under  the  action  of  the  permanent  load. 
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In  order  to  take  into  account  the  most  favourable  positions  of  the  moving 
weights,  the  Hues  of  influence  of  the  bending  movements  were  traced  separately 
for  each  section  of  the  archway. 

Such  dimensions  and  supports  were  given  to  the  concrete  structure  that 
the  specific  pressures  of  the  materials  were  in  conformity  with  the  regulations 
of  the  Italian  Government,  which  specifies  a  tensile  strength  of  14,000  lb.  per  sq.  in. 
for  the  reinforcement  and  a  ccmpre=five  strength  of  560  lb.  per  sq.  in.  for  the 


View  TuwARDa  Asano  along  the  Koauwav. 
CoNCRETK  Bridge  on  the  Adda.  Italy. 

concrete,  with  the  exception  of  the  compressed  parts  of  the  crowned  arches  and 
of  the  supports,  where  the  specific  pressure  reached  980  lb.  per  sq.  in.  This  portion 
of  the  structure  was  fitted  with  a  special  iron  framework. 

The  work  was  commenced  at  the  end  of  1913,  and  notwithstanding  so  much 
of  it  being  carried  on  during  the  war,  which  made  supplies  and  labour  very  diffi- 
cult, the  bridge  has  been  open  to  the  public  since  May  ist,  1917. 

At  the  static  test,  which  took  place  about  the  middle  of  19 16  in  the  presence 
of  competent  authorities,  each  of  the  three  parts  of  the  bridge  was  loaded  with 
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a  layer  of  gravel  21  in.  thick  to  correspond  to  an  accidental  overload  of  200  lb. 
per  sq.  ft.  Under  this  burden  the  maximum  elasticity  registered  by  the  "  Flexi- 
meter  "  was  i/5th  in.,  or  about  i  8,oooth  of  the  net  curve  of  the  arch,  an  elas- 
ticity of  1/12,000  being  allowed  in  the  contract. 

Altogether  3,500  cu.  yds.  of  sand  and  small  gravel,  about  700  tons  of  second 
quality  Portland  cem3nt,  and  about  300  tons  of  round  iron  were  used.  The  cost 
of  the  work  (not  including  the  expropriations)  was  £20,000,  as  estimated. 

The  work  was  carried  out  by  the  Societa  Anonima  Italiana  Ferrobeton  of 
Rome,  to  whom  we  are  indebted  for  our  illustrations  and  particulars. 
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CONCRETE  IN 
SEA    WATER. 


By  R.  J.  WIG  and  L.  R.  FERGUSON. 
IV. 

Continued  from  August  issue.  In  the  present  articles  the  authors  show  that  all  ivell- 
made  Portland  cements  may  be  considered  safe,  as  may  also  sea-iuater  guaging, bat  great  care 
should  be  exercised  in  choosing  the  aggregate. — ED. 


In  the  previous  articles  the  authors  have  shown  that  unless  protected  against 
abrasion  plain  concrete  is  apt  to  disintegrate  following  the  chemical  attack  of 
sea  water  on  the  softened  interior,  and  that  reinforced  concrete  is  subject  to 
percolation  which  permits  the  rusting  of  the  reinforcing  steel  and  subsequent 
failure  of  the  concrete.  It  is  therefore  necessary,  in  order  to  resist  this  action, 
to  have  as  good,  dense  concrete  as  possible  and  to  reject  any  material,  be  it 
cement,  aggregate  or  water,  which  may  tend  to  accelerate  the  sea-water  dis- 
integration.    In  this  article  will  be  taken  up  the  selection  of  the  various  materials. 

.All  well-made  Portland  cements  will  resist  disintegration  in  sea  water  if 
properly  used.  This  statement  must  be  defended,  as  many  engineers  are  of  the 
opinion  that  no  cements  are  durable  in  sea  water,  or  at  best  only  such  cements 
as  have  some  peculiar  composition.  This  belief  is  founded  largely  upon  laboratory 
tests  or  investigations  made  under  abnormal  conditions  of  test,  or  a  misinterpre- 
tation of  data  obtained  from  the  chemical  analysis  of  concrete  which  has  disinte- 
grated in  sea  water.  No  more  conclusive  evidence  is  required  by  the  engineer 
to  support  the  statement  that  all  well-made  Portland  cements  will  resist  disintegra- 
tion in  sea  water  if  properly  used  than  the  fact  that  concrete  structures  have  been 
standing  in  sea  water  for  the  past  30  years  and  more  without  showing  any 
deterioration.  Let  us  see  what  the  experience  has  been  with  Portland  cements 
of  widely  different  composition. 

During  the  period  from  18S8  to  1890  many  concrete  bridge  piers  were  built 
along  the  Bay  of  Fundy  in  Nova  Scotia  by  the  Dominion  Atlantic  Railway  and 
the  Provincial  Government.  J.  B.  White  &  Brothers'  English  Portland  cement 
was  used,  and  these  piers,  where  protected  from  abrasion  or  not  exposed  to  severe 
erosion,  are  in  excellent  condition,  as  shown  in  Fig.  18. 

In  New  York  harbour  are  several  miles  of  bulkhead  walls  of  which  the 
substructure  is  made  of  precast  concrete  blocks  weighing  from  40  to  80  tons. 
These  walls  were  built  at  various  periods  dating  from  1877  to  the  present,  and 
various  brands  of  Portland  cements  were  used.  Two  of  these  blocks  were  raised 
after  immersion  for  10  years,  and  their  perfect  preservation  can  be  seen  from 
the  view  shown  in  Fig.  19. 
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At  different  times  from  1892  to  1900  cement-mortar  jackets  were  placed 
around  the  wood  piles  of  the  Spreckels  wharf  at  San  Diego,  California.  Fig.  20 
shows,  in  excellent  condition  still,  the  top  of  one  of  these  jackets,  placed  in  1892. 

There  are  a  great  number  of  structures  built  since  1900  which  show  this 
same  excellent  preservation  in  sea  water  ;  in  fact  there  are  no  authentic  cases 
of  disintegration  of  concrete  which  is  at  all  times  wholly  immersed  that  are  not 
accounted  for  by  the  use  of  poor  materials  or  workmanship.  Among  the  cements 
used  in  the  concretes  which  have  shown  practically  no  deterioration  after  a  long 
period  of  exposure  are  those  given  in  the  accompanying  table.  An  examination 
of  this  table  shows  that  the  composition  varies  between  relatively  wide  limits — 
particularly  the  alumina,  magnesia  and  sulphur  trioxide,  which  are  the  three 
elements  which  are  generally  considered  very  deleterious  by  many  engineers. 

CHEMICAL   COMPOSITION   OF  CEMENTS   USED   IN   CONCRETE 
WHICH   HAS    RESISTED   SEA-WATER   ACTION 

Brand 

Alpha  

Atlas  

Dykerhoff  (German) 

K.  B.  &  S.  (Englisn) 

Lehigh 

Old  Dominion 

Phoenix 

Pennsylvania 

Rosendale  (Natural) 

Santa  Cruze 

Vulcanite    ... 

Washington 

White  Bros.  (English) 

Providing  the  cement  is  properly  manufactured,  one  containing  8  per  cent, 
of  alumina  will  resist  sea-water  action  just  as  well  as  one  containing  only  4  per  cent. 
The  solubility  experiments  made  by  P.  H.  Bates,  as  noted  in  Technologic  Paper 
No.  12  of  the  Bureau  of  Standards,  show  that  a  cement  containing  only  3  per  cent, 
of  alumina  and  7-5  per  cent,  of  iron  oxide  may  be  even  more  soluble  in  sea  water 
than  one  containing  8-5  per  cent,  of  alumina  and  less  than  i  per  cent,  of  iron 
oxide.  The  most  convincing  proofs  to  the  engineer,  however,  are  the  many 
structures  which  have  been  m.ade  of  cements  containing  more  than  7  per  cent, 
of  alumina  and  have  withstood  sea-water  action  for  a  period  of  years  without 
disintegration  or  deterioration. 

Many  engineers  have  an  idea  that  magnesia  is  deleterious  in  cement  because 
when  a  sample  of  concrete  which  has  disintegrated  in  sea  water  is  chemically 
anatysed  it  is  found  to  contain  a  relatively  high  amount  of  this  material.  If  a 
comparison  has  been  made  of  the  amount  of  magnesia  in  the  cement  used  with  the 
amount  found  in  the  concrete  after  disintegration  had  occurred  it  would  have 
been  found  that  the  magnesia  content  had  materially  increased. 

The  increased  magnesia  found  in  the  disintegrated  concrete  is  precipitated 
from  the  sea  water  as  a  magnesium  hydroxide.  The  magnesia  in  the  cement 
originally  is  wholly  inert  to  the  sea  water  and  in  fact  maj^  be  considered  one  of  the 
most  stable  elements  of  the  cement.  For  use  in  sea  water  it  is  really  preferable 
to  have  the  magnesia  run  as  high  as  permissible  w  ithout  causing  unsoundness — 
that  is,  about  8^per  cent. 
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erceniage 

01    V  aric 

)us  <^onsi 

ituenis 

In. 

SiOj 

Fe,03 

A!,03 

CaO 

MgO 

SO  3 

Loss 

Res. 

...     20-88 

2-65 

7-89 

62-54 

2-62 

1-23 

1-06 

0-27 

...    21-30 

2-55 

7-35 

61-48 

3-21 

1-53 

1-77 

0-22 

...    21-52 

2-go 

6-54 

62-96 

2-41 

140 

1-76 

0-27 

...     19-75 

5-01 

7-48 

61-39 

1-28 

0-96 

— 

— 

...    22-70 

2-30 

5-72 

63-04 

3-19 

1-59 

0-93 

0-19 

...    20-82 

2-65 

6-95 

62-66 

2-68 

1-62 

2-20 

0-40 

...    21-82 

2-20 

6-44 

62-76 

3-33 

1-58 

1-55 

0-30 

...    21-84 

2-30 

6-14 

62-38 

3-91 

1-61 

1-29 

0-45 

...    25-80 

4-60 

11-44 

33-51 

16-38 

I-IO 

7-41 

— 

...    22-26 

1-85 

8-23 

63-48 

1-64 

1-72 

1-23 

0-41 

...     22-76 

2-18 

758 

62-98 

2-09 

1-30 

0-98 

0-15 

...    22-96 

190 

4-64 

64-38 

1-84 

1-38 

2-71 

0-28 

...    21-17 

4-14 

7-35 

6 1 -94 

0-91 

1-38 

1-65 

0-87 
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CONCRETE  IN  SEA    WATER. 


So  many  structures  have  been  built  in  sea  water  of  cements  containing 
from  3  to  4  per  cent,  (the  maximum  permitted  by  American  specifications  until 
1917)  of  magnesia  that  are  now  whoUy  sound  where  not  exposed  to  abrasion 
that  the  evidence  is  conclusive  from  the  practical  as  well  as  the  theoretical  and 
laboratory  source.  Magnesia  within  limits  is  not  a  deleterious  element  in  the 
cement. 

Until  1917  the  American  specifications  limited  the  sulphuric  trioxide  content 
of  cement  to  1-75  per  cent.     Therefore  practically  no  cements  have  been  used 


Fig.  18.     Pier  built  of  English  Cement'25  years  ago. 
Concrete  was  protected  and  is  still  inlgood'condition. 

in  sea  water  in  this  country  which  contained  more  than  this  quantity,  and  the 
majority  of  American  cements  range  between  1-30  and  i-6o  per  cent.  Most  of 
the  sound  structures  on  the  North  American  coasts  are  made  of  such  cements, 
which  is  evidence  that  up  to  this  limit,  at  least,  the  sulphuric  trioxide  is  not 
detrimental. 

There  are  concretes  that  have  bean  standing'in  European  waters  for  10  or 
15  years  which  a.re  made  of  cements  containing  from  2  to  2-5  per  cent,  of  sulphuric 
trioxide  vdthout  showing  any  evidences  of  disintegration  below  the  water  line. 
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Solubility  tests  made  by  P.  H.  Bates  show  that  there  is  no  difference  in  the 
solubility  in  sea  water  of  cements  containing  varying  amounts  of  sulphuric 
trioxide  up  to  1-75  per  cent.,  this  being  the  maximum  amount  in  the  cements 
he  investigated.  Thus  all  available  data  on  this  subject  concord  and  show 
that  there  is  no  advantage  in  limiting  the  content  of  sulphuric  trioxide  below 
2  per  cent.,  which  is  now  allowed  by  American  specifications. 

The  most  vulnerable  and  chemically  active  material  in  a  cement  when 
exposed  to  sea  water  is  the  lime,  which  comprises  Co  per  cent,  or  more  of  the 


f 


Fig.  19.     Concrete  Blocks  slismi  rc.i  d  is  Ni  \^  York  Harbour  10  years, 
No  disintefjration  visible  after  removal  to  air. 

composition.     It  is  not  possible  to  decrease  the  quantity  of  lime  in  the  cement 
appreciably  without  destroying  its  cementing  and  hydraulic  properties. 

To  summarise,  it  may  be  stated  that,  contrary  to  the  opinion  of  many, 
there  is  no  definite  relation  between  the  chemical  composition  of  properly  manu- 
factured Portland  cements  and  the  ability  of  concretes  made  from  them  to 
resist  disintegration  in  sea  water.  If  properly  manutactured  and  properly  used, 
all  normal  Portland  cements  are  durable  in  sea  water.     The  constituents  of  such 
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cements  generally  range  between  the  following  limits  :    Silica,  19-25  ;    alumina, 
4-9  ;   iron  oxide,  2-6  ;    lime,  60-65  ;   magnesia,  1-5  ;   sulphuric  trioxide,  1-2. 

SEA   WATER   CAN    BE   USED   IN   MIXING. 

Sea  water  or  brackish  water  can  be  used  for  mixing  unreinforced  concrete 
\vithout  deleterious  effect.  Nothing  but  fresh  water,  however,  should  be  used 
in  mixing  concrete  above  water  which  is  to  be  reinforced.  The  salts  contained 
in  sea  water  have  no  appreciably  deleterious  effect  upon  the  chemical  action 
which  takes  place  when  cement  sets.  In  reinforced  work,  however,  the  presence 
of  the  salts  may  have  an  injurious  effect  upon  the  embedded  metal  in  accelerating 
corrosion  above  the  water  line. 


Fig.  20.     Mortar  Jacket  exposed  to  Sea  Water  22  years.     No  deterioration. 


A  study  of  what  has  been  done  and  the  result?  obtained  will  throw  much 
light  on  this  phase  of  the  subject.  Practically  all  of  the  concrete  structures  built 
along  the  Bay  of  Fundy  in  Nova  Scotia  were  made  of  concrete  guaged  \\ith  sea  water. 
In  Fig.  i8  is  shown  a  bridge  pier  on  the  Bay  of  Fundy.  These  structures  have 
been  personally  examined  by  the  writers  and  are  in  excellent  condition  except 
where  abraded.  The  concrete  is  of  excellent  quality  and  shows  no  peculiar 
characteristics  which  would  indicate  that  sea  water  instead  of  fresh  water  had 
been  used  in  mixing. 
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The  one  extensive  American  operation  upon  which  sea  water  was  used  in 
mixing  the  concrete  is  that  of  the  Florida  East  Coast  Railway  for  the  work 
between  Homestead  and  Key  West,  Fla.  (See  Fig.  21.)  Several  hundred 
pier  structures  have  been  built  since  1909,  involving  several  hundred  thousand 
yards  of  concrete,  practically  all  of  which  has  been  guaged  with  sea  water.  These 
structures,  while  not  very  old,  show  no  deleterious  effect  whate\  er  from  the  use 
of  sea  water. 

A.  B.  Fletcher,  state  highway  engineer  of  California,  has  used  sea  water  in 
mixing  concrete  used  in  road  construction  without  any  effect  on  the  quality  of 
the  concrete. 

There  have  been  a  number  of  small  marine  structures  built  in  this  country 
n  which  the  concrete  was  gaaged  with  brackish  or  uaglUute,4'^e^  w  ater,  but  no  other 
extensive  works.  American  specifications  have  quite  generally  required  the 
concrete  to  be  mixed  with  fresh  water,  and  so  we  shall  have  to  turn  to  foreign 
structures  subject  to  sea- water  action  to  see  what  the  effect  has  been  of  mixing 
sea  water  with  the  concrete. 

Sea  water  was  used  in  mixing  concrete  for  the  construction  of  the  marine 
railway  piers  in  Algoa  Bay  by  the  GoA-ernment  at  Port  EUzabeth,  South  Africa, 
in  1902.  This  pier  was  in  excellent  condition  in  1914  and  showed  no  defects 
which  would  indicate  that  the  sea  water  was  detrimental.  There  are  numerous 
other  extensive  marine  structures  in  good  condition  in  this  same  district  which 
were  built  at  different  periods  since  1878,  and  it  has  generally  been  the  custom 
for  the  Government  to  use  sea  water  for  mixing  concrete  for  this  class  of  work. 

A  half-and-half  mixture  of  sea  water  and  fresh  water  was  used  in  mixing 
the  concrete  for  the  quay  walls  and  breakwaters  at  Salonika,  Greece,  constructed 
prior  to  1906  by  a  French  syndicate.  These  works  were  all  reported  to  be  in 
excellent  condition  in  19 14  where  not  abraded. 

The  Governmenf.pf  Tasmania  used  sea  water  in  mixing  the  concrete  for  the 
construction  of  the^Huon  lighthouse  in  1906.  This  was  reported  to  be  in  good 
condition  in  1915  aiid  showed  no  deleterious  effect  from  the  use  of  sea  water. 

British  specifteatioi^  _^have  generally,  for  many  years,  permitted  the  use  of 
sea  water  for  mixirigiJtmTeinforced  concrete.  Among  specific  cases  may  be  cited 
the  sea  wall  built _in.S909  at  Methil,  on  the  Firth  of  Forth,  about  18  miles  north- 
east of  Edinburgh/ \ This  was  reported  in  1915  to  be  in. gqod ^condition.  The 
specifications  of  1^13  for  the  nelv  works  of  Aden  Port  Trust,  Aden,  Arabia,  state 
that  "  the  water  for  niixjng  c^e^^ete  may  be  sea  water  '";\:*blso  those  for  the 
extensive  sea  wall  and  dock  works  at  Rosyth  naval  base  on  the  north  shore  of  the 
Firth  of  Forth,  about  five  miles  south  of  Dunfermline,  Scotland,  and  for  the 
dock  at  Newport,  Monmouthshire,  England,  which  was  built  in  1905,  sea  water 
being  used  in  mixing  the  concrete. 

Where  sea  water  is  used  less  than  o-i  lb.  of  cement  is  required  to  react  with 
the  salts  in  each  gallon  of  water.  If  large  masses  are  being  poured  and  the 
concrete  is  mixed  very  wet  a  larger  quantity  of  laitance  %\ill  accumulate  on  the 
surface  of  the  concrete  than  if  fresh  water  were  used.  This  added  laitance 
consists  mainly  of  magnesium  hydroxide  precipitated  from  the  sea  water. 

If  proper  construction  methods  are  followed  there  will  be  no  difference  in 
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the    appearance,    workability,    or   resulting   quality   of   unreinforced    concrete, 
whether  guaged  with  fresh  or  sea  water. 

It  is  well  known  that  under  conditions  where  oxidation  of  the  steel  can  occur 
the  presence  of  sea  water  has  a  most  marked  effect  in  hastening  corrosion.  That 
the  corrosion  of  the  steel  is  occurring  in  the  exposed  section  of  many  reinforced 
concrete  structures  in  sea  water  has  been  fully  Fet  forth  in  an  earlier  article, 
and  therefore  if  sea  water  is  used  in  mixing  the  concrete  it  will  accelerate  the 
oxidation.  If  the  structure  is  exposed  to  stray  electric  currents  the  deleterious 
effect  of  the  presence  of  the  sea  salts  will  be  still  more  strcng]y  emphasised,  and 
disintegration  from  electrolysis  may  be  rapid. 

The  same  rules  that  apply  to  selecting  fine  aggregate  for  land  structures 
also  apply  to  concrete  structures  exposed  to  sea  water,  except  that  in  Northern 
latitudes  the  sand  should  be  selected  so  that  it  will  produce  a  concrete  of  minimum 
porosity  which  will  offer  the  greatest  resistance  to  frost  action.  This  practically 
eliminates  natural  sands  and  stone  screenings  containing  large  quantities  of  fine 
particles  or  dust,  and  also  soft  or  porous  aggrega.te. 


Florida  Easi  Coast  Piers. 


Canal  Sand  and  Rock  were  used  in  these  piers,  the  guaging  was  done  with 
sea  water,  but  concrete  is  in  good  condition. 

In  the  South  where  there  is  no  frost,  uniform,  fine  sea  sand  and  relatively 
soft  limestones,  coral  rocks  and  shell  sand  are  successfully  used.  The  relatively 
soft,  so-called  coral  sand  found  off  the  Florida  Keys  has  been  and  is  now  being 
successfully  used  by  the  Florida  East  Coast  Railway  in  its  very  extensi\'e  marine 
structures,  and  by  the  United  States  Navy  at  Key  West.  Fig.  21  shows  some  of 
the  concrete  piers  of  the  Florida  Fast  Coa=;t  Railway  in  which  coral  sand  and 
rock  were  used  as  aggregate. 

Seashore  sand  was  used  in  making  the  concrete  jackets  on  the  wood  piles 
at  San  Diego  previously  referred  to  and  illustrated  in  Fig.  20.  It  has  been 
successfully  used  in  a  number  of  other  marine  structures  in  the  South.  Shell  sand 
was  used  in  the  construction  of  sea  walls  at  Port  Royal,  S.C,  built  in  1899  and 
1900.  These  walls,  though  poorly  constructed,  arc  still  in  serviceable  condition. 
Some  seashore  sand  was  used  in  the  construction  of  the  piles  of  Municipal  Pier 
at  Santa  Monica,  California.  This  "^and  contained  a  small  quantity  of  shale. 
These  small  pieces  of  shale  have  swollen  in  the  concrete,  cau-ing  it  to  crack  and 
spall  even  though  embedded  as  much  as  an  inch  frc  m  the  surface. 
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It  is  always  safe  to  use  well-graded,  clean,  hard  sand,  but  under  certain 
conditions  successful  and  wholly  satisfactory  work  can  be  done  in  Southern 
latitudes  with  sands  which  would  generally  be  considered  wholly  unsatisfactory. 
Where  extensive  works  are  contemplated  it  will  pay  to  make  a  careful  study  of 
the  available  fine  aggregate. 

The  statements  made  relative  to  the  hardness  of  fine  aggregate  also  apply 
to  coarse  aggregate — that  is,  in  Southern  latitudes  under  certain  exposure 
conditions  softer  aggregate  may  be  used  than  would  be  permissible  in  the  North 
where  frost  conditions  exist.  Shale  or  other  material  which  will  expand  when 
exposed  to  water  and  air  should,  of  course,  never  be  used.  The  partial  or  complete 
failure  of  several  concrete  structures  has  been  caused  by  the  use  of  aggregate 
containing  only  a  small  quantity  of  shale. 
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Fig.  22.     Concrete  Blocks  at  Panama. 
Show  pitting  where  mechanical  erosion  takes  place. 

In  i886  the  French  made,  at  Panama,  580  concrete  blocks  of  i  :  2  :  3  mixture, 
using  Portland  cement,  beach  sand  and  conglomerate  argillaceous  sandstone. 
The  blocks  were  used  in  shore  protection  at  Cristobal.  Fi^.  22  shows  some  of  these 
blocks  as  they  appeared  in  1910.  The  holes  seen  here  and  there  over  the  surfaces 
are  caused  by  the  disintegration  of  the  embedded  aggregate.  The  markings 
on  the  original  surfaces  are  plainly  visible  on  some  of  th3  block  =;. 
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Some  engineers  will  not  use  limestone  as  aggregate  because  they  believe  it 
disintegrates  in  sea  water.  But  limestone,  which  is  a  calcium  and  magnesium 
carbonate,  is  stable  and  insoluble  in  sea  water,  and  is  therefore  safe  to  use. 

Gravels  are  preferable  to  crushed-stone  aggregate,  particularly  for  under- 
water work,  because  they  mix  and  settle  into  place  more  easily.  Either  crushed 
stone  or  gravel  may  be  used,  howe^'er,  if  carefully  handled.  Bank-run  gravel 
should  never  be  used,  as  its  quality  is  not  uniform. 

HOW  ABOUT  W.\TERPROOFINrx  MATERIALS  ? 

With  the  failure  of  concrete  structures  in  sea  water  engineers  have  experi- 
mented with  waterproofing  compounds  as  a  possible  remedy.  Structures  were 
examined  in  which  a  nnmbi  r  of  these  materials  were  used.  In  no  case  was  there 
any  difference  in  the  appearance  of  the  structure  which  would  indicate  that  a 
waterproofing  compound  had  been  used,  the  same  defects  and  deterioration 
being  present  in  the  treated  structures  as  in  those  untreated. 

In  one  case  many  concrete  piles  had  to  be  discarded  on  account  of  the 
reduction  in  strength  due  to  the  use  of  a  waterproofing  compound.  The  piles 
were  remade  without  the  compound  and  were  driven  without  breakage. 

Complete  failure  of  concrete  containing  compounds  has  also  occurred  in 
certain  cases.  Reinforced  concrete  containing  waterproofing  compounds  has 
cracked  and  deteriorated  in  the  same  manner  as  the  untreated  reinforced  concrete. 
It  appears  that  at  best  waterproofing  compounds  are  of  doubtful  value  and  their 
use  is  not  recommended. 

To  sum  up  this  matter  of  the  effect  of  materials  used  in  concrete  subjected 
to  sea-water  action,  it  may  be  stated  that  : 

1.  All  well-made  Portland  cements  will  resist  disintegration  if  properly  used. 

2.  The  guaging  of  the  plain  concrete  with  sea  water  will  not  be  deleterious 
if  proper  methods  of  construction  are  followed. 

3.  Aggregates  should  be  carefully  selected,  particularly  with  the  idea  of 
securing  density  and  toughness,  although  in  localities  where  there  is  no  frost 
action  local  materials,  of  what  might  be  considered  inferior  quality,  may  be 
successfully  employed  for  unreinforced  work.  Where  the  conditions  are  severe, 
as  along  the  north  Atlantic  coast,  only  the  very  best  aggregate  will  produce 
concrete  able  to  resist  the  action  of  the  sea  water. 

4.  Waterproofing  compounds  have  no  beneficial  effect. 

(To  be  concluded^) 
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By  ALBERT  C.  FREEMAN. 

Author  of  "Small  Estates  Management^"  etc. 

In  the  folloioing  article  the  author  gives  particulars  and  illustrations  of  a  ne'w  concrete 
cottage  construction  for  ivhich  he  claims  considerable  saving  in  cost. — ED 


One  of  the  many  important  questions  to  be  considered  by  municipal  authorities 
after  the  war  is  that  of  the  housing  of  the  working  classes.  The  provision  of 
new  dwellings  will  be  a  most  serious  matter  owing  to  the  advance  in  the  cost 
of  all  materials  and  the  increased  wages  of  the  workmen.  With  a  Umited  supply 
of  raw  materials,  such  as  timber  and  cast-iron  goods,  and  the  inevitable  shortage 
of  bricks,  tiles  and  slates,  we  shall  be  faced  with  the  problem  of  a  new  form  of 
construction — one  that  is  cheap)  and  easily  carried  out. 

New  ideas  and  new  methods  will  have  to  be  considered  by  those  responsible 
for  the  carr\dng  out  of  new  building  schemes.  Concrete,  which  has  now  been 
so  largely  used  in  the  construction  of  ships,  will  have  to  be  more  generally 
adopted  for  building  construction  in  connection  with  small  property.  The 
raw  materials  are  readily  accessible  in  most  localities,  and  it  can  be  shaped  with 
rapidity  by  the  aid  of  a  sm.all  amount  of  relatively  unskilled  labour.  Many 
forms  of  concrete  construction  ha\e  been  adopted,  and  during  the  war  breeze 
blocks  have  been  used  to  a  large  extent  by  H.M.  Office  of  Works  in  the  con- 
struction of  temporary  buildings.  The  question  whether  breeze  blocks,  as  we 
at  present  know  them,  will  be  acceptable  for  permanent  structures  is  open  to 
question. 

To  meet  the  immediate  after-the-war  requirements  I  have  designed  a  structure 
in  an  entirely  new  form,  and  have  invented  a  simple  form  of  reinforced  concrete 
which  will  be  quite  as  durable  as  that  of  brick  and  stone,  while  the  cost  of  upkeep 
will  be  comparatively  nil.  The  properties  of  reinforced  concrete  in  building 
are  so  well  known  that  there  is  no  great  difficulty  in  employing  the  materia^ 
in  any  form,  while  for  dwellings  it  is  absolutely  lire-resisting  as  it  does  not  burn. 
A  careful  investigation  has  shown  that  no  other  material  possesses  the  advantages 
of  concrete,  while  the  objections  which  have  been  urged  against  the  use  of  concrete 
have  been  remarkably  few  and  unimportant. 

I  have  now  invented  a  dwelling — for  which  a  patent  is  being  applied — 
which  can  be  erected  at  a  cost  of  at  least  40  per  cent,  cheaper  than  any  structure 
built  of  brick  or  stone  with  slates  or  tiles  as  a  roof  covering.     The  exact  nature 
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of  the  structure  I  am  not  at  present  in  a  position  to  state.  I  \\ould  point  out 
that  it  \\ilJ  be  of  a  reinforced  character,  and  dispense  with  the  use  of  timber  in 
the  roof,  and,  further,  no  rain-water  pipes  or  gulHes  will  be  used  for  carrying 
off  the  water  from  the  roois.  No  slates  or  tiles  are  employed  for  covering  the 
roofs,  or  lead  dressings  used.  These  items  alone  will  entail  a  considerable 
sa\'ing  in  the  cost  of  the  structure. 

The  whole  of  the  exterior  will  be  finished  with  rough  cast  cement  plastering 


Proposed  Concrete  Cottages.     Type  "  A.' 


relieved  \\ith  brickwork  to  the  chinmeys  and  the  entrance  porches,  thus  lending 
colour  to  the  whole  scheme,  and  giving  a  pleasing  effect  when  surrounded  with 
trees  and  foliage. 

Th.e  interior  walls  and  ceilings  will  be  plastered,  and  the  various  apartments 
planned  and  fitted  to  meet  the  requirements  of  an  up-to-date  labour-saving 
dwelling. 

The  illustrations  here  produced  show  a  pair  of  semi-detached  cottages  and 
a  single  cottage,  each  with  a  sitting  room,  kitchen,  pantry,  coal  store,  and  two 
bedrooms.     The  question  of  the  cost  of  these  structures  has  been  most  carefully 
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considered,  and  judging  by  estimates  which  have  been  received  from  builders 
of  repute  it  is  possible  to  erect  these  dwellings  at  a  cost  of  least  40  per  cent,  less 
than  the  older  form  of  construction. 
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MEMORANDUM 

Housing  and  Materials. — An  interesting  Paper  on  this  question  was  read  by 
Mr.  \V.  E.  H.  Burton  at  the  Bradford  meeting  of  the  Institution  of  Municipal  and 
County  Engineers.  Among  the  many  suggestions  made  were  the  following  : 
Brick  footways  should  be  dispensed  with  and  concrete  substituted,  while  where 
subsidence  is  possible  (as  in  colliery  districts)  disused  wire  rope  makes  an  excellent 
remforcement.  Brick  walls  of  lo-in.  thickness,  with  a  i-in.  cavity,  are  more  etfective 
in  resisting  dri\ ing  rain  than  sohd  walls,  unless  the  latter  are  more  than  14  in.  thick. 
Concrete  lintels  should  be  used  in  place  of  wood,  doing  awav  with  the  necessity  for 
relieving  arches,  while  thev  should  be  used  also  in  fire  openings  with  concrete  hearths 
in  place  of  trimmer  arches.  Joists  and  floors  should  be  dispensed  with  at  ground  level, 
and  concrete,  cement,  and  "  Pudlo  "  floors  substituted.  As  regards  upper  floors, 
it  might  be  feasible  to  adopt  "  a  continuous  mesh  reinforcement  to  floor  a  complete 
block  of  dwellings  in  one  operation  at  comparatively  low  cost."  The  use  of  local 
materials  should  be  encouraged  as  'far  as  possible,  and  while  a  certain  amount  of 
standardisation  is  advisable,  this  should  never  extend  to  window  and  door  openings, 
as  tending  to  restrict  free  treatment  of  elevations. 
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It  is  our  intention  to  publish  the  Papers  ana  Discussions  presented  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
■n  such  a  manner  as  to  be  easilv  a'oailable  for  reference  purposes. — ED. 


THE  AMERICAN  CONCRETE  INSTITUTE. 

CONCRETE  SHIPS. 

By  R.  J.  WIG  and  S.  C.  HOLLISTER. 

At  the  recent  annual  meeting  of  the  Co)icrete  Institute  considerable  attention  wa^ 
devoted  to  questions  relating  to  concrete  shipbuilding.     An  interesting  paper  ztas  that 
read  by  Messrs.  Wig  and  HoUister,  attached  to  the  U.S.  Government  Shipbuilding  Depart- 
ment.    The  foUoiving  is  an  abstract  of  the  paper  dealing  with  construction  problems 
The  other  part  of  the  paper  discussing  design  will  appear  in  a  subsequent  issue. 

CONCRETE  MUST  BE  LIGHT  AND  STRONG. 

The  first  thought  of  most  engineers  with  regard  to  materials  for  the  concrete 
for  a  ship  is  to  use  such  as  will  provide  the  densest  mixture  possible.  Concrete  of 
high  density  also  has  a  high  unit  weight.  Our  problem  is  fourfold  :  The  concrete  must 
be  durable  and  impermeable  to  water  ;  it  must  have  a  compressive  strength  of  at 
least  4,000  lb.  per  sq.  in.  at  twenty-eight  days,  and  a  minimum  weight.  To  meet 
these  conditions  we  have  determined  upon  the  use  of  a  rich  mortar  mixture. 

Any  standard  Portland  cement  which  will  meet  the  specifications  of  the  United 
States  Government  may  be  used,  provided  the  fineness  is  increased  so  that  at  least 
90  per  cent,  will  pass  a  No.  200  sieve.  The  greater  fineness  is  required  in  order  to 
obtain  greater  strength  and  a  more  plastic  mixture.  Such  a  cement  is  also  more 
volume  constant. 

For  the  present  the  maximum-size  aggregate  is  limited  to  -|-  in.  A  sand  and 
gravel  or  a  volcanic  ash  or  specially  burned  clav  may  be  used.  The  commercial 
future  of  the  concrete  ships  is  in  large  measure  dependent  upon  obtaining  a  light- 
weight concrete.  Investigations  made  are  quite  promising.  The  strength  and 
weight  of  one  of  these  mixtures  which  meets  our  requirements  is  as  follows  :  i  part 
cement  to  i  part  special  fused  cla^^  below  J-in.  size  to  2  parts  same  aggregate  between 
J-in.  and  J-in.  size,  had  a  compressive  strength  of  3,380  lb.  per  sq.  in.  at  seven  days, 
and  4,350  lb.  per  sq.  in.  at  twenty-eight  days.  It  weighed  106  lb.  per  cu.  ft.  in  a 
saturated  condition. 

With  the  use  of  this  material  the  ratio  of  the  dead  weight  to  total  displacement 
will  be  62  per  cent,  for  the  3,500-ton  ship  as  compared  with  65  per  cent,  to  68  per 
cent,  for  a  steel  ship  and  53  per  cent,  for  a  wood  ship. 

No  integral  waterproofing  compounds  of  any  kind  will  be  used  in  the  mixtures. 

FORMS    MUST    BE    ACCURATE. 

The  form  problem  is  a  most  intricate  and  difficult  one.  The  forms  for  practically 
the  entire  ship  must  be  placed  before  concreting  starts.  The  accuracy  of  placing 
must  be  much  greater  than  in  ordinary  building  construction,  for  it  the  spacing  is 
slightly  oversized,  it  results  in  increased  tare  weight  of  the  hull,  which,  of  course, 
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decreases  the  cargo  capacity  of  the  ship.  The  relatively  high  unit  stresses  and  the 
small  thickness  of  covering  for  the  steel  also  requires  unusual  accuracy  in  placing 
the  f(.">rnis. 

There  are  a  number  of  ways  of  constructing  the  forms.  They  may  be  of  wood 
or  metal,  or  of  wood  hned  with  metal.  It  has  also  been  suggested  that  plaster  forms 
may  be  used.  They  may  be  built  in  panels  or  as  one  unit,  to  be  later  removed  board 
by  board.  The  inside  forms  may  be  first  constructed,  and  the  outside  forms  placed 
after  the  steel  is  fabricated.  A  more  common  method  is  to  place  the  outside  forms 
first,  fabricate  the  steel,  and  then  place  the  inside  forms.  The  former  method  is 
being  followed  in  the  construction  of  one  ship  for  the  Emergency  Fleet  Corporation, 
but  the  latter  method  will  be  used  on  subsequent  ships.  Much  time  and  money 
can  be  lost  or  saved  in  forming,  and  much  thought  and  study  can  profitabh^  be  given 
to  this  work.  In  Norway  there  is  one  company  building  small  craft  by  the  so-called 
"  upside  down  "  method,  in  which  the  inside  forms  are  fabricated  in  an  inverted 
position.  The  concrete  is  shot  into  place  ^^'ith  a  gun,  or  applied  by  hand,  a  relatively 
stiff  mixture  being  used.  No  ships  are  being  built  by  this  method  in  the  United 
States. 

REINFORCEMENT    SMALL    AND    ACCURATELY    PLACED. 

Reinforcing  steel  which  we  are  using,  other  than  fabric,  is  of  rods  or  bars  roUed 
from  new  billets  to  conform  to  the  American  Society  for  Testing  Materials  standard 
specifications  for  structural  grade  new  billet  steel.  Plain  round  bars  will  be  much 
easier  to  fabricate  than  deformed  bars,  but  on  account  of  the  uncertainty^  of  the 
effect  of  reversal  of  stress  we  are  using  deformed  bars  wherever  the  bond  stress  is  high. 

The  accurate  bending  of  the  reinforcing  steel  is  one  of  the  most  difficult  of  all 
the  construction  problems.  With  a  wall  thickness  of  only  3J  in.  to  4  in.,  and  two 
to  three  layers  of  steel,  need  for  accurate  bending  of  the  steel  can  be  readily  appre- 
ciated. Furthermore,  the  curvature  is  constantly  changing  forward  and  aft  in  the 
vessel,  which  requires  constant  change  in  the  location  of  the  dogs  on  the  bending 
table.  The  use  of  small  steel  is  recommended,  in  that  it  is  easier  to  spring  into  place 
if  the  bending  is  not  accurately  done. 

With  a  very  large  quantity  of  steel,  approximately  equivalent  to  10  per  cent, 
of  the  carrying  capacity  of  the  ship,  to  be  placed  in  a  very  small  space  in  thin  waUs, 
there  is  much  opportunity  for  the  development  of  ingenious  methods  of  fabricating 
the  steel.  Undoubtedly  much  time  can  be  saved  by  prefabricating,  at  least  in  part, 
the  steel  of  the  frames  and  placing  them  in  the  ship  as  units.  These  frames  may 
be  as  much  as  54  ft.  in  width  and  35  ft.  in  height,  and  they  must  be  accurate  to  within, 
a  fraction  of  an  inch.  Through  a  length  of  60  per  cent,  of  the  ship  the  shape  of  these 
frames  is  constantly  changing.  All  the  steel  must  be  supported  and  secured  so  that 
it  wll  not  touch  the  form  surface.  Numerous  methods  have  been  suggested,  and 
there  are  a  number  of  chairs  now  on  the  market  for  supporting  steel,  but  all  of  them 
have  objectionable  features. 

A  study  has  been  made  of  welding  inethods  and  machines  as  a  means  of  avoiding 
the  lapping  of  the  steel.  The  acetylene  weld  is  rather  uncertain,  and  not  satisfactory. 
The  electric  resistance  weld  appears  to  be  the  most  promising.  Several  machines 
of  this  type  have  been  ordered,  and  are  now  being  tried  out.  The  bond  stresses 
are  exceedingly  low  in  the  longitudinal  steel,  and  there  is  more  .space  available  for 
lapping.  In  the  frame  steel,  however,  it  is  so  close  together  that  there  is  not  room 
for  lapping  without  increasing  the  thickness  of  some  of  the  concrete  members,  which 
will  in  turn  increase  the  tare  weight  of  the  hull.  The  weld  by  the  electric  resistance 
method  can  be  made  quite  rapidly,  and  at  small  cost.  It  is  not  anticipated  that 
welding  any  steel  other  than  the  main  steel  of  the  frames  and  possibly  the  main 
longitudinal  steel  will  be  required. 

MIXING    AND    PLACING    OF    CONCRETE. 

Rich  mortar  mixtures  will  be  used,  and  they  must  be  carefully  proportioned 
and  mixed  in  order  to  insure  the  cjuality  of  concrete  necessary.  Special  attention 
should  be  given  to  the  selection  of  the  mixer,  as  all  mixers  of  common  types  will  not 
thoroughly  mix  mortars.  The  concrete  should  not  be  transported  from  the  mixer 
and  deposited  directly  into  the  forms  in  continuous  operation  or  in  large  batches, 
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on  account  of  the  danger  of  not  having  it  thoroughly  worked  into  place  about  the 
reinforcing  steel.  For  the  present  it  is  required  that  all  concrete  shall  be  shovelled 
into  the  forms  in  order  to  insure  its  deposit  in  small  batches  and  its  thorough  working 
into  place. 

The  actual  placing  of  the  concrete  is  a  small  item  in  the  cost  of  construction  of  a 
ship,  and  therefore  there  should  not  be  the  incentive  to  rush  the  work  as  in  ordinary- 
building  construction. 

It  is  preferable  to  place  the  concrete  as  one  continuous  operation  in  order  to 
avoid  construction  joints.  This  will  require  approximately  three  days  (of  24  hours 
each)  for  a  3,500-ton  ship,  and  six  days  for  a  7,500-ton  ship.  While  it  may  appear 
difficult  to  work  the  concrete  thoroughly  around  and  through  the  reinforcing,  no 
trouble  is  anticipated  from  this  source.  The  rich  mortar  mixture  proposed  is  quite 
fluid,  even  though  it  is  not  mixed  to  a  wet  consistency,  and  with  a  shght  tapping  of 
the  forms  it  settles  readily  into  place  about  the  steel.  A  number  of  test  panels  have 
been  made,  and  the  results  in  all  cases  have  been  entirely  satisfactory.  It  is  very 
different  to  make  a  construction  joint  in  a  section  in  which  is  embedded  a  large 
quantity  of  steel.  Most  leakage  troubles  occur  at  construction  joints.  The  uncer- 
taintv  of  the  bond  obtained  at  construction  joints  is  also  objectionable  on  account 
of  the  large  shear  stresses.  Several  mechanical  methods  of  placing  mortar  and 
concrete  have  received  consideration,  but  the  results  of  investigations  do  not  up 
to  the  present  warrant  their  use. 

TREATMENT    OF    HULL    SURFACES. 

It  has  been  suggested  by  some  that  rough  lumber  be  used  for  the  outside  forms, 
and  a  plaster  coat  be  apphed  to  the  surface  of  the  cast  concrete.  The  appUcation 
of  such  a  plaster  coat  is  not  recommended,  for  the  following  reasons  :  The  surface 
to  be  covered  is  very  large,  and  the  application  of  such  a  coat  would  have  to  be 
completed  in  a  very  short  time.  There  is  absolutely  no  way  of  assuring  positively 
a  perfect  bond  between  the  plaster  coat  and  the  concrete  surface.  The  apphcation 
of  such  a  coat  will  increase  the  weight  of  the  hull  without  compensating  advantages. 

Barnacles  and  sea  vegetation  will  adhere  to  concrete  in  the  same  manner  as 
they  develop  on  steel  and  wood.  It  is  therefore  necessary  that  the  bottom  of  the 
huli  be  coated  with  some  anti-fouhng  paint.  The  same  paints  can  be  used  as  are 
now  used  on  steel  ships,  except  that  special  means  must  be  taken  to  insure  a  thorough 
bond.  Investigation  of  a  number  of  paints  and  coatings  of  different  types  is  now 
being  made.  It  is  quite  probable  for  the  present  that  a  bituminous  coating  will  be 
employed  on  the  bottom  of  the  Government  ships. 

LAUN'CHIXG    THE    SHIPS. 

There  has  been  much  discussion  relative  to  the  advantages  and  disadvantages 
of  constructing  the  ship  on  ways  which  will  permit  of  side-launching  or  end-launching. 
Wavs  built  for  side-launching  permit  of  the  construction  of  the  ship  on  an  even  keel, 
thus  making  all  the  lines  plumb.  There  have  been  very  few  accidents  by  sidewise 
launching  of  steel  or  wood  ships,  and  it  is  beUeved  the  concrete  ship  can  be  safely 
launched  somewhat  earlier  in  this  manner.  In  endwise  launching  the  conditions 
of  sagging  or  hogging  depend  upon  the  accurate  positioning  of  the  ways,  and  deter- 
mination of  the  weight  and  conditions  of  buoyancy  of  the  ship  just  before  it  leaves 
the  ways.  Slight  settlement  of  any  of  the  way  piles  may  cause  ven,^  serious  hogging 
or  sagging  stresses.  Two  of  the  vessels  being  built  by  the  Emergency  Fleet  Cor- 
poration will  be  launched  endwise  and  the  others  will  be  launched  sideways. 

EQUIPMENT. 

Certain  of  the  equipment,  such  as  the  hawsepipe,  stern  frame,  stern  tube,  etc., 
are  cast  into  the  concrete.  The  major  portion  of  the  equipment  and  all  the  macliinery 
are  secured  to  the  concrete  by  anchor  bolts.  These  must  be  accurately  placed  in 
the  forms  and  completely  detailed  before  the  concrete  is  poured.  Aside  from  the 
connections,  the  installation  of  machinery  and  equipment  does  not  differ  from  the 
conditions  met  in  either  wood  or  steel  ships.  Wherever  possible,  through  bolts 
rather  than  anchor  bolts  will  be  used.  Under  all  deck  machinery  and  fittings  suitable 
waterproof  gaskets  should  be  placed  so  that  there  will  be  no  leakage  around  the 
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holding-down  bolts.     Too  much  attention  cannot  be  given  to  the  careful  detaiUng 
of  the  fastenings  and  their  exact  location  in  the  hull. 

WHAT    IS    THE    DURABILITY    OF    A    CONCRETE    SHIP. 

If  durability  is  to  be  obtained,  special  attention  must  be  given  to  many  elements 
of  the  ship.  The  most  serious  problems  is  to  provide  means  of  adequately  protecting 
the  steel  from  corrosion.  There  is  a  large  quantity  of  steel  embedded  in  the  concrete, 
and  much  of  it  cannot  be  covered  by  more  than  f-in.  of  mortar.  This  of  itself  will 
not  protect  the  concrete,  particularly  in  the  interior  and  in  the  upper  portions  of 
the  hull.  There  are  two  means  of  allaying,  if  not  wholly  preventing,  the  con'osion 
of  the  steel.  The  steel  may  be  galvanised  or  painted  with  some  protecting  medium 
which  will  not  appreciably  affect  the  bond,  or  the  concrete  may  be  coated  with  some 
thoroughly  impervious  membrane  which  will  prevent  both  air  and  water  from 
reaching  the  steel.  A  large  number  of  tests  are  being  made,  and  it  is  quite  possible 
both  inethods  of  protection  will  be  tried.  The  results  are  promising,  and  a  satis- 
factory protection  should  be  developed. 

Another  possibly  disintegrating  element  which  may  have  great  importance  is 
the  effect  of  constant  reversal  of  stress,  as  the  ship  alternately  is  subjected  to  hogging 
and  sagging  stresses  in  a  heavy  sea.  Our  allowable  steel  stresses  are  such  as  to  cause 
the  concrete  to  crack.  There  are  few  analogous  structures  on  land  to  which  we  can 
refer  for  guidance  on  this  subject,  and  only  experience  can  tell  what  may  be  expected. 
Reversal  of  stress  tests  are  now  under  way. 

No  trouble  from  chemical  disintegration  is  anticipated  except  as  the  hull  may 
be  seriously  abraded. 

The  Concrete  Ship  Department  estimates  the  life  of  the  concrete  ship  without 
any  special  protection  at  several  years,  and  known  methods  which  can  now  be  applied 
should  extend  the  life  several  vears  longer.  It  believes  adequate  protection  will  be 
developed  to  insure  reasonably  permanent  life  to  the  concrete  ship. 

The  use  of  direct  current  on  a  concrete  ship  should  be  avoided  wherever  possible, 
on  account  of  the  possibility  of  electrolysis  from  stray  current.  A  verj'  small  leakage 
for  an  appreciable  time,  as  demonstrated  by  the  experiments  of  the  Bureau  of  Stan- 
dards, will  cause  a  weakening  of  the  mortar  at  the  cathode,  thus  decreasing  the  bond 
strength.  If  the  current  leakage  is  large  it  may  cause  an  oxidation  of  the  steel  at  the 
anode,  which  will  result  in  splitting  and  spalling  of  the  concrete.  The  use  of  brass 
or  bronze  castings  adjoining  the  concrete  reinforcing  should  also  receive  consideration, 
on  account  of  the  possibility  of  local  electrolytic  action  in  the  presence  of  the  electrolyte. 

With  the  qualitv  of  concrete  being  used  no  special  provision  will  be  needed  to 
hold  the  heavier  fuel  oils.  Investigations  of  various  coating  materials  are  being 
made  with  a  view  to  their  use  as  a  lining  if  such  is  found  desirable. 

Sugar  and  certain  Aegetable  oils,  such  as  the  cocoanut  and  peanut  oil,  ^\ill  dis- 
integrate the  concrete  if  it  is  exposed  for  an  appreciable  length  of  time.  If  the  ships 
are  to  be  used  in  this  class  of  trade,  a  protective  paint  coating  should  be  applied  to 
the  inner  surface  of  the  hull. 

The  economy  of  the  concrete  ship  cannot  be  determined  until  we  have  had 
experience  over  a  term  of  years.  The  estimated  cost  of  the  concrete  ship  at  the 
present  time  is  approximately  Si 25  per  ton  dead  weight.  The  cost  of  a  steel  ship 
averages  about   S200  per  ton,  and  that  of  a  w^ood  ship   Si 65  per  ton  dead  weight. 

If  proper  coatings  can  be  developed  to  prevent  deterioration,  the  concrete  ship 
should  be  a  competitor  of  the  steel  ship.  With  further  experience  it  is  believed 
the  weight  of  the  concrete  can  be  very  materially  reduced,  thus  making  the  cargo 
capacity  more  nearly  erjual  to  that  of  the  steel  ship. 
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GLEANINGS    FROM    THE    ENEMY    PRESS    REGARD. 
ING     CONCRETE     AND     REINFORCED     CONCRETE. 

It  has  been  deemeed advisable  that  some  particulars  of  the  trend  of  enemy  activities  in 
technical  matters  should  be  knoivn  in  this  country.  The  folloiuing  extracts  and  illustra- 
tions, taken  from  the  Enemv  Press,  are  partly  from  " Beton  u.  Eisen  "  and  partly 
from  other  enemy  papers,  ivith  the  'vie'w  of  keeping  our  readers  posted  as  to  "what  is 
occurring  in  these  matters. — ED. 


PAVEMENT    LIGHTS    IN     CONCRETE. 

The  use  of  metal  frames  for  the  glass  used  in  the  construction  of  pa^•ement  and  similar 
lights  is  accompanied  by  so  many  disadvantages  that  the  substitution  of  concrete  for 
the  metal  is  a  matter  of  considerable  interest.  According  to  a  brochure  recently  issued 
by  a  Hungarian  firm  engaged  in  the  manufacture  of  these  lights,  the  concrete  frames 
have  exceeded  all  anticipations.  As  is  well  known,  these  lights  are  constructed  of 
small  squares  of  glass  mounted  uniformly  in  a  framework  {Fig.  i)  in  such  a  manner 
that  thev  will  not  be  daniaged  by  traffic  passing  over  them.  It  is  essential  that  the 
upper  surface  of  the  arrangement  shall  be  quite  flat,  the  glass  being  flush  with  the 
frame  ;  the  undersurface  is  not  subjected  to  any  such  limitation  so  long  as  an  ample 
amount  of  light  can  pass  through  the  whole.  The  concrete  must,  of  course,  be 
reinforced,  and  must  be  disposed  so  as  to  support  the  glass  firmly  whilst  a  maximum 
amount  of  concrete  is  used  so  as  to  reduce  the  amount  of  obscuration  of  light  as  much 
as  possible. 

One  great  advantage  over  a  metal  framework  is  that  the  concrete  lights  may  be 
made  on  the  site  and  so  can  be  fitted  accuratel}^  to  any  size  of  opening  at  a  much  less 
cost  than  if  a  special  iron  frame  had  to  be  made. 
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In  order  to  test  the  strength  of  such  framed  lights,  two  of  them — with  glasses 
in.   and  3   in.  thick    respectively — were   placed    on  the   hollow  bed    of   a   testing 

machine  so  as  leave  a  space  of  32  in. 
between  the  supports,  and  were  tested 
in  such  a  manner  as  to  show  their 
strength  when  lying  free,  the  condition 
being  as  similar  as  possible  to  those 
to  which  the  lights  are  subjected  when 
in  common  use.  The  results  showed 
a  high  degree  of  elasticity,  the  per- 
manent deformation  under  a  load  of 
two-thirds  of  the  breaking  strain  being 
only  0-04  in.,  or  i-8ooth  of  the  span. 
The  first  signs  of  cracking  were 
observed  under  a  pressure  of  one-third 
of  the  breaking  strain  for  both  sizes 
of  glasses.  The  breaking  strains  under 
these  conditions  were  found  to  be 
0-6  tons  per  sq.  ft.  for  the  2  in.  and 
1-7  tons  per  sq.  ft.  for  the  3  in.  glasses 
respectively. 

This     test    is     defective     in     one 


respect,  inasmuch  as  the  frames  were 
only  supported  in  two  places  Had 
they  been  supported  on  four  sides,  as 
they  would  be  in  ordinary  use,  the 
breaking  strains  would  have  been 
three  times  as  great — namely,  i-8  and 
5-1  tons  per  sq.  ft.  respectively. 

It  is  interesting  to  note  that, 
although  patches  of  concrete  became 
separated  from  the  glasses  whilst  the 
tests  were  being  made,  yet  the  latter 
were  so  tightly  held  by  the  reinforce- 
ment that,  even  after  the  completion 
of  the  breaking  test,  they  were  still 
able  to  withstand  more  than  half  the 
breaking  strain. 

Figs.  4  &  5  show  the  upper  and  lower 
faces  of  a  light  after  it  had  been  broken 
in  the  testing  machine.  (Beton  u.  Eisen.) 


LIGHT-WEIGHT    REINFORCED    CONCRETE    SHIPS. 

According  to  the  Deutsche  Bauzeitiing  of  Februarj'  23rd,  Messrs.  Riidiger  of 
Hamburg  claim  to  ha\e  invented  a  special  concrete  for  the  making  of  concrete  ships. 
They  state  that  this  concrete  weighs  only  half  that  of  the  usual  concrete  made  with 
gravel.  The  concrete  is  composed  of  four  different  materials  and  its  specific  gravity 
is  only  103  to  1-25.  It  is  stated  to  be  tougher  and  more  elastic  than  ordinary  concrete 
and  30  cm.  cubes  have  an  ultimate  strength  in  compression  of  180  to  260  kg.  per  sq.  cm. 
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Vessels  can  be  built  of  this  material  which  weigh  no  more  than  vessels  of  similar 
capacity  made  of  steel,  while  the  steel  reinforcement  weighs  only  15  per  cent,  to 
20  per  cent,  of  the  metal  used  in  a  steel  ship. 


A    RUSSIAN    WATER-TOWER.-RESISTANCE    TO    SHOCK. 

An  interesting  example  of  the  enormous  power  of  resistance  to  shock  is  shown  in 
the  three  accompanying  illustrations  from  Be  ton  u.  Eisen  of  a  concrete  water-tower 
to  which  explosives  had  been  applied  to  all  except  two  of  its  supports  by  the  Russians 


Fig.  2. 

during  a  retreat.  A  careful  investigation  showed  that  the  tank  was  not  so  seriously 
damaged  as  the  illustrations  appear  to  indicate,  as  the  large  pieces  wh^ch  have  flaked 
off  are  only  the  outer  coating  or  insulating  Vail.  The  tank  itself  had  only  a  few 
insignificant  cracks  which  could  readily  be  repaired. 
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NEW    WATER    TOWER    FOR    ENGINEERING    WORKS    IN    SILESIA. 

The  Deutsche  Baiizeitung,  June  15th,  contains  an  illustrated  article  dealing  with 
a  reinforced  concrete  water  tower  recently  completed  for  some  large  works  in  Silesia. 
The  tower  comprises  a  reservoir  containing  2,000  cu.  m.  at  a  height  31m.  above  the 
ground.  There  is  a  drinking-water  reservoir  below  the  main  reservoir  of  150  cu.  m. 
capacity,  and  on  the  ground  floor  an  ozonising  reservoir  of  150  cu.  m.  capacity,  making 
the  total  storage  capacity  of  the  tower  507,610  gallons. 


Fig.  3. 

REINFORCED    CORK    BLOCK    WORKS    AND    RESERVOIR. 

The  Supplement  of  the  Deutsche  Bauzeitung,  January,  1918,  contains  an  illustrated 
article  describing  the  method  employed  in  building  a  factory  for  the  production  of 
cork  stone  blocks  at  Ludwigshafen  on  the  Rhine.  The  building  is  entirely  of  reinforced 
concrete,  the  special  feature  being  that  the  cork  stone  blocks  are  laid  direct  upon  the 
beams  of  the  structure  and  below  the  concrete  platform  in  order  to  render  the  building 
less  resonant.     This  method  appears  to  have  proved  successful. 
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Memoranda  and  Netvs  Items  are  presented  under  this  heading,   tuith  occasional  editorial 
comment.     Authentic  netos  •will  be  "welcome. — ED. 


Press  Supplements  on  Economy  and  Reconstruction  Questions  in  Foreign  Coimtries. 

— All  firms  who  desire  to  know  what  their  rivals  are  doing  and  planning — notably 
those  in  enemy  States — and  what  are  the  economic  conditions  and  trading  prospects 
in  foreign  countries  can  now  obtain  two  valuable  War  Office  publications,  issued 
fortnightly,  the  Economic  and  the  Reconstruction  Supplements  to  the  Daily  Review 
of  the  Foreign  Press.  The  price  of  these  Supplements  will  be  6d.  The  Economic 
Supplement  deals  with  trade  and  commerce,  railways  and  shipping,  banking  and 
finance,  labour  conditions,  social  and  economic  policy  and  legislation,  etc.  The 
Reconstruction  Supplement  describes  the  measures  being  taken  or  suggested  in 
Germany  and  elsewhere  in  connection  with  the  return  to  peace  conditions. 

Half-yearly  Indexes  to  the  above,  price  6d.,  can  also  be  obtained. 

These  publications  will  be  issued  by  His  Majesty's  Stationery  Office,  and  can  be 
purchased  through  any  bookseller  or  directly  from  H.M.  Stationery  Office  at  the 
following  addresses  :  Imperial  House,  Kingsway,  London,  W.C.2,  and  28,  Abingdon 
Street,  London,  S.W.i  ;  37,  Peter  Street,  Manchester;  i,  St.  Andrew's  Crescent, 
Cardiff;  23,  Forth  Street,  Edinburgh;  or  from  E.  Ponsonby,  Ltd.,  116,  Grafton 
Street,  Dublin. 

The  Concrete  Institute. — [Session  191S-19).  We  have  received  an  early  copy  of 
the  provisional  programme  of  the  Concrete  Institute  for  the  comingl  session.  The 
prograname  (which  is  subject  to  revision)  is  as  follows  : — November  28th,  1918,  Presi- 
dential Address,  by  H.  D.  Searles-Wood,  F.R.I.B.A.  ;  December  19th,  "  .Esthetic 
Design  in  Reinforced  Concrete,"  by  C.  F.  A.  Voysey,  A.R.I.B.A.  January  23rd,  1919, 
"  Corrugated  Sheeting,"  by  N.  Noel  Ridley,  M.Inst.C.E.  ;  February  27th,  "  Industrial 
Safety  First,"  by  E.  Willis,  Assoc. M.Inst.C.E.  ;  March  27th,  "  Ferro- Concrete  Ships  " 
(lantern),  by  J.  S.  E.  de  Vesian  ;  April  24th,  "  Steel-framed  Sheds,"  by  A.  R.  Spencer  ; 
May  22nd,  Tenth  Annual  General  Meeting;  Paper  on  "  Aggregates,"  (lantern),  Pro- 
fessor P.  G.  H.  Boswell. 

Concrete  and  Housing. — At  the  recent  sectional  meeting  of  the  Royal  Sanitary 
Institute,  held  at  the  Town  Hall,  Ipswich,  Sir  Henry  Tanner,  C.B.,  I.S.O.,  read  a  paper 
on  "  Housing  from  the  Point  of  view  of  Economy  in  Planning  and  Construction." 
Dealing  with  the  subject  of  materials  the  author  stated  that  all  floors,  too,  should  be 
of  concrete  or  composition,  especially  now  that  wood  was  so  expensive,  whilst  so  far 
as  possible  wood  joists  should  be  replaced  by  reinforced  concrete  or  hollow  tile  beams. 
Lath  and  plaster  partitions  should  be  avoided,  and  replaced  by  slabs,  concrete,  or 
half  brick.  The  aim  should  be,  generally,  so  to  construct  the  houses  as  to  avoid 
waste  of  space,  complicated  construction,  breaks  in  walls,  in\-oh-ing  valleys  or  liips  to 
the  roofs,  more  walling,  etc.,  to  enclose  a  given  area,  but  at  the  same  time  it  was  not 
economy  to  scamp  either  materials  or  workmanship  at  the  cost  of  increased  expense 
in  maintenance,  for  the  cost  of  repairs  A\ould  be  probablv  much  greater  than  the  small 
additional  expense  which  would  have  been  originally  needed  to  avoid  the  liability. 

Reinforced  Concrete  Oil  Tanks  in  India.— Owing  to  the  shortage  of  coal  many  of 
the  Bombay  mills  have  resorted  to  liquid  fuel.    Up  to  the  present  oil  tanks  have  been 
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built  in  India  of  mild  steel  plates,  but  owing  to  the  difficulty  of  obtaining  this  material, 
combined  with  its  high  price,  many  leading  engineers  have  recognised  the  adxantages 
of  reinforced  concrete.  A  large  number  of  such  tanks  have  been  built  by  Messrs. 
Marsland,  Price  &  Co.,  Ltd..  Bombay,  for  different  mills.  These  tanks  have  been  in 
operation   for   some   time,    and    have    proved   very   successful.     The   accompanying 


Concrete  Oil  Tank  in  India. 

illustration  shows  a  reinforced  concrete  liquid  fuel  tank  built  by  the  above  firm  in 
the  compound  of  the  Jacob  Sassoon  Mill,  at  one  of  the  largest  mills  in  India.  The 
tank  is  150-tons  capacity,  25  ft.  6  in.  diameter.  The  total  depth  of  oil  being  12  ft. 
The  view  shows  an  oil  tank  mounted  on  a  motor  delivering  oil  into  the  tank. 

Concrete  Oil  Tanks. — Reinforced  concrete  instead  of  steel  is  being  used  in  the 
Panama  Canal  Zone  in  constructing  oil  tanks  for  use  on  the  Isthmus.  The  first  of 
the  new  storage  tanks  is  now  being  built  at  Mount  Hope.  It  will  have  a  capacity  of 
55,000  barrels. 

The  Concrete  Age. — In  his  review  of  the  National  shipbuilding  position  in  the  House 
of  Commons,  Sir  Eric  Geddes  paid  a  welKdeserved  tribute  to  the  concrete  svstem 
which  has  solved  the  building  difficulty  in  countless  undertakings  for  the  Government 
since  the  beginning  of  the  war.  "  On  the  Wye,"  he  said,  in  dealing  with  the  national 
shipyards,  "  we  are  building  houses  of  an  admirable  but  most  economical  type.  I  am 
assured  by  the  engineer-in-charge  that  the  system  of  concrete  blocks  employed  is 
actually  cheaper  to-day  than  woodwork  or  corrugated  iron  huts."  Concrete  blocks 
and  slabs,  indeed,  with  our  rapidly  diminishing  supplies  of  timber,  bricks,  and  other 
materials,  are  coming  to  the  front  by  leaps  and  bounds  in  every  branch  of  structural 
war  work,  and  must,  of  necessity,  play  a  leading  part  in  all  schemes  of  reconstruction 
both  at  home  and  abroad.  It  is  interesting  to  learn  that  the  work  referred  to  by 
Sir  Eric  Geddes  is  being  carried  out  on  the  "  Winget  "  svstem,  the  blocks  and  slabs 
of  which  are  now  being  used  for  80  to  90  per  cent,  of  the  present  camps,  hangars, 
and  housing  schemes,  etc.,  as  specified  by  the  Admiralty,  War  Office,  and  other 
Government  Departments  of  Great  Britain  and  her  Allies. 

Concrete  Rolling  Stock. — We  learn  that  some  interesting  experiments  are  now 
being  made  at  the  works  of  the  Ebbw  Vale  Steel,  Iron  and  Coal  Co.,  Ltd.,  in  the 
direction  of  the  construction  of  railway  wagons  of  reinforced  concrete.  At  the  present 
time  the  project  is  quite  on  experimental  lines,  but  already  wagons  have  been  made 
of  reinforced  concrete,  and  have  passed  tests  such  as  to  warrant  the  highest  expecta- 
tions that  rolling  stock  wall  be  turned  out  at  a  later  stage  at  lower  cost  and  equal  in 
durability  to  existing  rolling  stock. 
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Illustration  shows  "Zenith"   Friction  Winch  mounted  on 
Pile   Driving  Frame.        Send  for  catalogue. 
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Large  Concrete  Piers. — In  connection  with  the  construction  of  the  Philadelphia 
Dry  Dock,  we  learn  that  there  are  to  be  three  double-deck  steel,  concrete,  and  timber 
piers,  1,300  ft.  long  and  150  ft.  wide,  together  with  a  lighterage  pier  of  1,350  ft.  by 
75  ft.  one  storey  high.  The  piers  will  be  larger  than  an^^  existing  in  New  York  harbour 
at  the  present  time,  and  will  accommodate  the  biggest  ship  afloat. 

Lava  Rock  as  an  Aggregate  for  Concrete  Ships. — In  a  letter  written  to  Concrete, 
U.S.A.,  Capt.  Frank  Whipperman  states  that  he  is  convinced  that  lava  rock  should 
form  an  excellent  aggregate  for  certain  forms  of  concrete  construction  where 
lightness,  combined  with  great  strength,  are  essential,  as,  for  example,  floors  and 
ships.  He  has  made  a  certain  number  of  tests  for  hardness,  etc.,  and  according  to  his 
experience  this  lava  rock,  found  by  him  in  the  desert,  is  the  hardest  rock  he  has  come 
across.  Capt.  Whipperman  was  unable  to  complete  his  tests,  but  he  says  in  his  letter 
that  he  "  is  satisfied  that  concrete  made  with  this  aggregate  would  be  50  per  cent, 
lighter  than  any  other  suitable  aggregate.  With  proper  crushers  it  could  be  reduced 
to  1-2"  in.  to  f  in.,  and  there  would  be  enough  of  the  rock  crushed  finer  so  that  no  other 
aggregate  in  the  way  of  sand  would  be  needed.  There  would  be  very  little  dust." 
According  to  the  writer  there  are  thousands  of  acres  of  this  rock  on  the  top  of  the 
ground  and  near  to  the  railroad  tracks  in  New  Mexico,  and  there  are  probably  other 
lava  beds  in  the  United  States. 

Cementation  applied  to  Mining. — An  interesting  paper  on  this  subject  was  recently 
read  by  IVIr.  A.  N.  Kryssand  before  the  Chemical,  Metallurgical,  and  Mining  Society 
of  South  Africa.  The  author  dwelt  on  the  value  of  this  process  for  various  mining 
structures,  and  said  that  cementation  has  been  successfulh'  applied  to  mining  in  the 
following  instances  : 

1.  In  greatly  minimising  water  difficulties  in  shaft  sinking  or  tunnelling  through 
water-bearing  strata,  faults,  and  dikes. 

2.  In  sealing  and  rendering  water-tight  the  concrete  tubbing  or  lining  often  used 
in  circular  shafts. 

3.  In  sealing  open  fissures  through  which  water  is  flowing. 

4.  In  damming  back  water  leaking  through  broken  ground  in  the  vicinity  of 
faults  and  dikes. 

5.  In  rendering  underground  dams  water-tight. 

6.  In  rectifying  defective  boreholes. 

7.  In  rendering  impervious  the  foundations  of  surface  dams  or  making  solid  the 
rock  and  concrete  foundations  of  engines,  etc.  The  author  cited  numerous  instances 
in  South  Africa  mining  where  the  process  has  been  applied,  and  the  paper  was  also 
well  illustrated. 

Concrete  Stone  Masonry. — The  accompanying  illustration  is  a  recent  example  of 
concrete  stone  masonry  as  carried  out  in  the  north  by  the  Stockton  Stone  Concrete 
Co.,  Ltd.,  of  Morton,  near  Stockton-on-Tees. 
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Reinforced  Concrete  Flat  Slab  Construction. — At  the  Convention  of  the  American 
Concrete  Institute,  Mr.  A.  B.  Cohen,  Assist.  Engineer-in-Charge  Concrete  Design,  of 
the  Delaware,  Lackawanna,  and  Western  Railroad,  Hoboken,  N.J.,  read  a  paper 
on  Reinforced  Concrete  Flat  Slab  Railway  Bridges.  Mr.  Cohen  claims  many  advant- 
ages for  this  form  of  construction  as  compared  with  other  methods,  and  in  support 
of  his  arguments  gave  a  number  of  well-illustrated  examples  of  work  carried  out  in 
the  I'nited  States. 

Road  Bridge  over  the  Reuss,  near  Gisikon,  Switzerland. — The  Schweizerische 
BanzeitHiig,  July  6th,  states  that,  as  the  result  of  a  competition  to  obtain  designs  for 
a  road  bridge  over  the  Reuss,  the  first  prize  was  awarded  to  the  design  of  a  reinforced 
concrete  bridge  of  single  span  210  ft.  long  and  having  a  total  width  of  246  ft. 

A  Concrete  Barge  Launched  at  a  South  Coast  Port. — As  we  go  to  press  we  learn 
that  a  looo-ton  reinforced  concrete  barge  was  launched  on  August  24th  at  a  south 
coast  port.  The  barge  was  designed  by  Mr.  E.  C.  Williams,  of  the  Marine  and  General 
Concrete  Construction  Co.,  and  built  by  Messrs.  Hill,  Richards  &  Co.,  and  has  a  length 
of  190  ft.,  a  beam  of  33  ft.,  and  a  moulded  depth  of  15  ft.  6  in.  When  loaded  the 
vessel's  draught  will  be  12  ft.  In  a  later  issue  we  hope  to  make  further  reference  to 
this  barge. 


THE 

VICTORIA 

CONCRETE    MIXER 

shown  in  the  illustration  is  fitted  with 
our  latest  side  loader  and  is  driven  direct 
by  petrol  engine,  the  plant  being  mounted 
on  road  wheel  truck. 

It  represents  THE  MOST  MODERN  CONCRETE  MIXING  PLANT  obtainable 
COMPACT,  SELF-CONTAINED,  RELIABLE. 
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Telephone— VICTORIA  1849. 


STOTHERT  &  PITT 

LTD., 

38,  Victoria  Street,  S.W. 
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Volume  XIII.     No.  10.  LONDON,  October,  1918. 

EDITORIAL  NOTES, 


RESEARCH. 

We  have  before  us  a  very  interesting  report  of  the  Committee  of  the  Privj' 
Council  for  Scientific  and  Industrial  Research  for  the  year  ending  July  ist,  1918. 

The  report  does  the  greatest  credit  to  the  Committee  of  the  Privy  Council, 
but  also  very  particularly  to  the  Advisory  Council,  of  which  Sir  William  McCormick 
is  the  administrative  chairman  and  Sir  Frank  Heath  is  secretary. 

It  is  most  satisfactory  to  see  the  steps  which  have  been  taken  to  encourage 
research,  especially  among  the  various  industries  where  systematic  investigation 
has  been  much  neglected. 

The  idea  of  forming  associations,  within  those  industries  to  be  assisted 
financially  from  a  special  fund  at  the  disposal  of  the  Committee  of  the  Pri\^' 
Council,  bids  fair  to  work  most  advantageously  in  the  majority  of  cases,  and  we 
are  interested  to  observe  that  among  the  various  industries  in  which  associations 
are  being  formed  on  these  lines  is  the  Portland  Cement  industry. 

There  is  naturally  a  certain  fear  among  the  industries  concerned  that  any 
connection  with  a  Government  department  may  lead  to  undue  restrictions  and 
the  like,  and  for  this  reason  we  believe  certain  associations  are  being  formed  on 
the  lines  of  those  recommended  by  the  Committee  of  the  Privy  Council,  but 
without  official  representation  or  financial  assistance. 

If  an  industry'  really  feels  so  strongly  on  this  matter  of  State  interference 
and  has  the  funds  to  carry  on  its  own  research  work  systematically  and  well 
there  is  little  to  say  against  the  formation  of  independent  associations,  except 
that  they  may  lose  the  opportunity  of  receiving  valuable  guidance  and  infor- 
mation from  H.M.  Research  Department,  and  that  there  may  be  wasteful 
overlapping  as  between  the  investigations  inaugurated  by  the  free-lance  associa- 
tions and  what  we  would  term  the  controlled  associations.  Probably  everything 
will  now  depend  iipon  the  extent  to  which  the  Committee  of  the  Privy  Council 
will  use  their  powers  when  financing  new  associations  as  to  whether  controlled 
associations  will  become  a  popular  factor  in  industrial  research,  but  we  see  no 
reason  why  anything  but  cordial  encouragement,  combined  with  tactful  super- 
vision, is  to  be  expected,  and  thus  look  forward  to  a  rapid  development  of  this 
excellent  form  of  State  aid.  There  is,  to  our  mind,  a  vast  field  for  these  con- 
trolled associations  in  almost  every  industry,  and  the  Committee  of  the  Privy 
Council  have  fortunately  ample  funds  to  support  a  con^^iderable  mmiber  of  such 
associations  for  the  next  few  years. 

The  funds  for  this  particular  purpose,  it  should  be  remembered,  come  from 
a  special  grant  of  one  million  sterling  voted  by  Parliament,  which  is  apparently 
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to  be  applied  only  to  research  where  the  industries  are  able  to  contribute  sub- 
stantially to  the  object  in  view. 

Turning  to  another  aspect  of  the  activities  of  the  Committee  of  the  Privy 
Council,  namely  the  support  accorded  to  professional  bodies  and  individual 
investigators  to  undertake  particular  forms  of  research,  we  note  with  great 
pleasure  that  Housing  Research  is  being  supported,  and  that  there  are  certain 
investigations  being  undertaken  into  the  question  of  building  materials.  Not 
least  in  importance  among  these  enquiries,  we  imagine,  are  the  investigations 
which  are  being  undertaken  as  to  the  fire-resisting  properties  of  concrete.  It  is 
to  be  regretted,  however,  that  those  who  were  invTstigating  certain  aspects 
regarding  the  strength  of  concrete  made  of  different  local  aggregates  have  had 
to  suspend  their  efforts  during  the  war  ;  the  plan  of  transferring  certain  sections 
of  this  enquiry  to  a  number  of  universities  and  colleges  having  apparently  not 
been  a  success  under  present-day  conditions. 

There  is  a  vast  amount  of  research  work  still  required  on  problems  of 
concrete  and  reinforced  concrete,  and  though,  at  first  sight,  the  endeavours 
in  this  direction  ma}'  appear  somewhat  limited  in  scope,  it  is  not  unlikely  that 
experiments  under  the  broad  heading  of  fire  resistance  will  have  considerable 
bearing  on  the  world's  knowledge  of  concrete  and  reinforced  concrete  construc- 
tion generally.  Every  encouragement  should,  accordingly,  be  given  to  this 
particular  investigation,  as  the  effect  of  high  temperatures  upon  concrete  is 
likely  to  afford  important  lessons  on  structural  problems  of  the  widest  range. 

Here  we  would  remark  that  it  would  seem  curious  that  any  financial  assistance- 
accorded  to  professional  bodies  for  matters  of  research  of  this  kind  apparently 
would  have  to  come  from  annual  Votes  in  small  amounts,  whilst  the  financing  of 
the  great  industrial  associations,  as  indicated  before,  comes  out  of  a  special  Grant. 
We  feel  that  a  similar  grant  as  that  at  the  disposal  of  the  associations  should 
be  available  for  the  research  of  the  professional  bodies,  the  allocation  being  in 
the  hands  of  the  Committee  of  the  Privv  Council,  and  not  subject  vear  bv  year 
to  the  ups  and  downs  of  parliamentary  expediency.  Whether  this  could  be  best 
done  by  allowing  a  proportion  up  to,  say,  one-third  of  the  existing  grant  for  the 
purposes  of  the  associations  to  be  also  applied  to  professional  research  is  a  matter 
that  requires  consideration,  but  what  would  probably  be  best  would  be 
to  form  a  second  fund  to  cover  the  many  important  researches  initiated  by  the 
professional  societies,  not  least  among  which,  to  our  mind,  is  the  investigation  on 
concrete  in  sea  water. 

It  should  be  clearly  understood  that  not  only  on  the  industrial  side,  but  on 
the  professional  side  this  country  has  to  make  up  vast  leeway  in  research,  and 
given  the  necessary  funds  and  a  control  that  weighs  lightly  upon  the  various 
professional  institutions  which  comprise  men  who  are  used  to  working  inde- 
pendently, the  splendid  start  made  by  the  Committee  of  the  Privy  Council  should 
within  the  next  decade  give  us  true  research  and  values  quite  incalculable  in  com- 
parison with  the  sums  so  far  voted  or  to  be  expected  at  the  hands  of  Parliament. 

It  is  to  be  hoped  that  the  endeavours  of  the  Committee  of  the  Privy  Council 
will  have  the  enthusiastic  and  keen  support  of  all  professional  bodies. 
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Lord  Pirrie,  one  of  the  world's  most  successful  shipbuilders,  recently  found, 
upon  taking  office,  that  considerable  headway  had  been  made  with  the  production 
of  concrete  barges,  but  appears  to  have  been  disappointed  with  the  amount  of 
skilled  labour  required  in  producing  this  form  of  tonnage.  Although  an  out-and- 
out  steel  tonnage  specialist,  Lord  Pirrie  will  be  well  advised  not  to  let  his  enthu- 
siasm for  steel  tonnage,  of  which  he  has  had  close  on  sixty  years  of  experience, 
prejudice  him  against  concrete  tonnage,  of  which  the  country  has,  so  far,  had 
scarcely  six  months'  experience.  If  he  will  apply  his  experience  to  devising  means 
of  economising  skilled  labour  and  applying  the  modern  practice  to  what  is  now 
largely  the  experimental  stage  of  concrete  shipbuilding,  we  have  no  doubt  this  new- 
industry  would  benefit  from  his  advice,  and  eventually  much  labour,  time  and 
material  would  be  saved. 

Leaving  aside  the  question  of  large  sea-going  vessels  one  thing  is  an  absolute 
certainty,  and  that  is  that  tJje  concrete  barge  has  come  to  stay,  and  the  only  point 
that  arises  is  how  to  make  these  barges  thoroughly  water-tight,  how  to  overcome 
any  question  of  expansion,  and  how  to  turn  out  these  barges  as  repetition  work 
with  the  least  possible  amount  of  timber  for  scaffolding  and  forms. 

To  put  difficulties  in  the  way  of  the  development  of  the  concrete  barge  would 
be  regrettable.  What  is  wanted  is  the  best  advice  and  every  possible  facility. 
Such  difficulties  as  exist  are  largely  due  to  the  somewhat  curious  way  in  which 
the  original  contracts  for  concrete  barges  were  let,  the  lack  of  consultation  between 
the  leading  reinforced  concrete  engineers  and  contractors,  and  the  absence  of 
a  well  -  organised  official  centre  to  deal  with  the  subject  on  national  lines 
irrespective  of  any  individual  interests. 

The  Admiralty  might  well  take  a  leaf  out  of  the  book  of  our  American 
colleagues  in  this  direction,  for  in  the  United  States  practicalh^  everybody  who 
counts  was  first  consulted  on  the  subject.  Further,  in  order  to  bring  home  to  the 
"  powers  that  be  "  the  results  of  such  consultations,  we  reprint  the  body  of  a 
letter  addressed  to  the  United  States  Shipping  Board  on  April  5th,  by  the  Chief 
Engineer  of  its  Department  of  Concrete  Ship  Construction,  which  will  be  found 
among  the  official  papers  recently  published  as  a  "  Senate  Document."  This 
important  letter  reads  as  follows  : — 

AN    AMERICAN    GOVERNMENT    REPORT.* 

"  The  organisation  of  the  concrete  ship  department  has  sought  all  available 
information  of  whatever  reliable  source  that  would  bear  upon  the  strength, 
the  durabiht3^  and  the  seaworthiness  of  the  material  and  of  the  structure  as  a 
whole.  It  has  been  in  constant  touch  with  the  two  largest  registration  societies 
and  with  various  departments  of  the  Government,  within  whose  jurisdiction 
fall  the  operation,  inspection,  and  repair  of  all  classes  of  seagoing  and  waterway 
craft.  It  has  brought  together  the  opinions  of  recognised  naval  architectural 
authorities,  of  investigators  in  concrete  and  structural  engineering,  and  the 
best  practice  in  design  and  construction  of  reinforced  concrete  structures.  It 
has  consulted  many  recognised  specialists  in  various  fields  relating  directly  or 
indirecth'  to  the  problems  under  consideration.  It  has  blended  all  of  the  facts 
obtainable  from  these  sources  into  the  development  of  the  concrete  shij)." 

•Published   in    Washington    under    Senate    Resolution,    No.    26;,.    ni     |iine    17th,    igi"^. 
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"  Following  is  a  summary  of  our  conclusions  : 

"  I.  The  reinforced  concrete  ship  can  be  built  structurally  equal  to  any  steel 
ship. 

"  2.  The  available  information  assures  with  all  the  certainty  possible,  short 
of  actual  experience  under  service  conditions,  that  the  concrete  ship  will  be 
durable  for  several  years,  assuring  satisfactory  service  throughout  the  probable 
duration  of  the  present  war. 

"3.  The  cost  of  the  reinforced  concrete  ship  complete  will  vary  between 
$100  and  $125  per  ton  deadweight,  depending  upon  the  number  of  ships  built 
and  the  conditions  of  construction.  The  cost  of  the  hull  only  will  be  betw"een 
$30  and  I40  per  ton  deadweight. 

"  4.  The  construction  of  concrete  hulls  will  not  interfere  with  the  present 
programme  for  the  construction  of  steel  and  wood  hulls,  in  so  far  as  labour  or 
materials  are  concerned. 

"  5.  The  concrete  ship  department  has  completed  the  detailed  plans  for  a 
5,500-ton  concrete  ship,  so  that  construction  of  such  ships  can  start  immediately. 

"  6.  We  estimate  that  between  150  and  200  3,500-ton  concrete  hulls  can, 
if  we  start  immediately,  be  completed  by  December  31st,  1918  (total  approxi- 
mately 600,000  tons). 

"7.  We  further  estimate,  if  the  construction  of  yards  is  begun  immediately, 
and  the  construction  of  hulls  of  7,500  tons  each  commences  by  June,  1918.  250 
can  be  completed  by  August,  1919." 

"  We  believe  that  we  can  exceed  the  above  estimates  in  case  it  is  found  that 
the  necessary  machinery  can  be  provided. 

"  Assuming  that  the  above  programme,  which  involves  the  immediate  con- 
struction of  20  yards  with  7  w-ays  each,  is  started  at  once,  even  if  for  any  reason 
the  concrete  programme  should  be  abandoned  after  several  ships  had  been  given 
a  thorough  trial,  the  actual  loss  to  the  Government  occasioned  by  the  loss  of 
labour  and  materials  for  both  ways  and  ships  under  construction  would  not 
exceed  $9,000,000." 
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A  REINFORCED  CONCRETE  FACTORY. 


Fig.   1.     General  View  during  Erection. 


REINFORCED   CONCRETE  FACTORY,  BIRMINGHAM. 

By  ALBERT  LAKEMAN,  M.S.A. 

The  new  factory  ivhich  is  notv  under  construction  for  the  Birminghdm  Small  Arms  Co., 
Ltd.,  contains  some  interesting  points  in  pre-cast  concrete  construction,  and  it  forms  a 
topical  example  of  "what  may  be  described  as  a  war- time  structure.— ED. 


PRE-CAST   CONCRETE. 

Pre-cast  concrete  has  become  very  general  dnring  the  past  twelve  months  and 
considerable  developments  have  taken  place  as  a  result  of  the  experience  gained. 
Several  reasons  have  been  responsible  for  its  use  in  the  first  instance,  and  the  chief 
of  these  has  been  the  need  of  conserving  the  timber  supply  by  practising  strict 
economy  in  all  building  work.  At  the  same  time  it  has  been  essential  to  reduce 
the  use  of  steel  to  the  absolute  minimum,  and  in  consequence  it  became  necessary 
to  adopt  reinforced  concrete  wherever  possible,  but  the  shuttering  had  to  be  very 
limited.  Added  to  these  factors  is  the  necessity  for  speedy  erection  and  it  is  a 
well-known  fact  that  for  concrete  work  in  situ  a  large  amount  of  shuttering  nuist 
be  provided  if  the  execution  is  to  be  of  a  continuous  nature,  as  it  is  impossible  to 
wait  several  days,  and  sometimes  weeks,  for  the  shuttering  at  one  point  to  be 
taken  down  and  re-erected  where  required.  When  pre-cast  units  are  employed 
the  moulding  of  the  concrete  can  be  commenced  immediately  and  be  proceeded 
with  during  the  whole  of  the  period  required  for  excavation,  levelling  and  site  N\'ork 
generally,  and  the  forms  used  can  be  simple  and  capable  of  re-use  for  a  large 
number  of  members  of  the  same  size.  Again,  as  the  work  is  done  at  tlie  ground 
level,  the  placing  of  the  reinforcement  and  concrete  is  greatly  simplified  and 
supervision  is  very  easy.  In  the  case  of  roof  trusses  it  will  be  ob\-ious  that  the 
advantages  of  casting  the  member  on  the  ground  are  tremendous,  as  the  difficulty 
of  shuttering  and  propping  during  placing  of  the  concrete  in  situ  can  only  be 
overcome  by  the  use  of  a  large  amount  of  timber  and  scaffolding  generally  and 
the  resulting  mixture  is  of  a  more  uniform  nature  when  cast  on  the  ground,  as 
tamping  is  easier. 
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CONSTRUCTION    OF   BUILDING. 

The  building  under  erection  is  of  the  single  storey  workshop  type,  with  north 
light  roof  trusses,  and  it  is  640  ft.  long  and  200  ft.  wide,  while  the  height  to  the 
underside  of  the  tie-beam  is  14  ft.  3  in.  The  columns  are  spaced  to  give  bays  2C  ft. 
square,  with  the  exception  of  a  portion  near  the  centre  of  the  building,  where  a 
clear  width  of  40  ft.  is  given  for  a  crane  ba}-  which  crosses  the  full  width  of  the 
structure.  A  railway  siding  enters  the  building  and  is  carried  through,  so  that 
any  heavy  goods  can  be  loaded  or  unloaded  by  the  crane  under  cover  and  in  a 
convenient  position  for  handhng  to  the  machines  in  the  shop  which  is  adjacent. 

The  same  railway  siding  is  also  arranged 
to  pass  over  the  coal  bunkers  of  the 
boiler  house  in  order  to  discharge  the 
fuel  directly  to  the  point  required. 

Columns. — The  column  founda- 
tions are  being  cast  in  situ,  as  no 
advantage  is  gained  by  pre-casting 
these  portions  of  the  work,  and  they 
are  3  ft.  square  on  plan  and  3  ft.  deep, 
with  the  undersurface  at  a  level  of 
3  ft.  7  in.  below  the  floor  line. 

The  reinforcement  consists  of  |-in. 
rib  bars,  which  run  across  the  bottom 
and  up  the  sides  at  several  points,  and 
outside  these  are  other  |-in.  rib  Vjars 
arranged  horizontally  around  the  outer 
surfaces  of  the  base. 

As  the  columns  are  pre-cast  it  was 
necessary  to  make  provision  for  the 
connection  to  the  base,  and  this  was 
achieved  by  forming  a  pocket  in  the 
base,  which  is  13  in.  square  and 
2  ft.  3  in.  deep.  As  the  columns  are 
12  in.  square,  a  space  of  i  in.  is  left  all 
round,  which  is  grouted  up  after  the 
work  is  in  position,  and  thus  a  good 
joint  is  obtained.  In  the  case  of  the  stanchions  to  the  crane  bay  a  different  type 
was  used,  as  the  work  at  this  point  was  ca>=t  in  situ,  and  thus  no  pocket  was 
required  to  receive  the  colunms.  These  bases  are  8  ft.  by  3  ft.,  with  a  splay  on 
the  two  long  sides  from  a  minimum  thickness  of  12  in.  to  the  point  of  intersection 
with  the  column,  where  the  thickness  is  2  ft.  The  columns  ^hich  support  the 
crane  girders  are  24  in.  by  14  in.,  reinforced  with  eight  lines  of  vertical  rods.  The 
base  is  reinforced  with  |  in.  and  |  in.  rib  bars  on  the  lower  ^urfac(\  and  |  in.  rib 
splice  bars  were  left  projecting  above  the  base  to  provide  for  the  attachment  o^ 
the  column  bars.  The  foundations  generally  were  designed  to  give  a  maximum 
pressure  on  the  soil  of  2f  tons  per  sq.  ft.     A  detail  of  a  typical  base  for  a  pre-cast 
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Fig.  2.     Tjpical  Column  Base. 
A  Reinforced  Concrete  Factory,  Birmingham. 
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A  REINFORCED   CONCRETE  FACTORY. 
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ore  erec/ea^ 


column  is  illustrated  in  Fig.  2. 
The  ordinary  columns  are  12  in. 
square,  and  the  reinforcement 
consists  of  eight  f  in.  rib  bars 
in  the  lower  portion  and  four 
I  in.  bars  in  the  upper  portion, 
with  3-%  in.  dia.  binders  at 
4|  in.  and  g  in.  centres.  At  the 
head  of  the  column  a  bracket 
having  a  projection  of  9  in.  on 
each  of  two  sides  is  provided 
to  give  a  seating  for  the  pre- 
cast beams,  which  in  turn 
support  the  trusses,  and  these 
brackets  have  a  total  depth  of 
18  in.,  with  \  in.  rib  bars  as 
reinforcement,  bent  to  shape 
with  the  ends  carried  dowTi 
into  the  core  of  the  cohmin  and 
well  wired  together. 

In  addition,  i\  in  diam. 
binders  are  taken  round  these 
rods  at  right  angles  to  the 
splayed  surface  of  the  bracket, 
and  carried  up  to  the  top  of 
the  colunm.  The  four  bars 
which  act  as  reinforcement  to 
the  upper  part  of  the  column 
are  arranged  to  extend  about 
I  ft.  10  in.  above  the  head  of 
the  column,  and  these  are  left 
exposed  until  the  beams  resting 
on  the  brackets  are  in  position, 
these  beams  being  so  arranged 
that  there  is  a  space  between 
the  ends  of  about  12  in.  over 
the  column,  into  which  the 
column  rods  pass.  When  the 
beams  and  columns  are  in  the 
correct  positions  in  the  building 
the  space  is  filled  in  with 
concrete,  thus  tying  the  parts 
together  with  the  assistance  of 
the  projecting  tods.  The  wall 
colunuis  arr  of  similar  size  and 
type,  with  the  exception  that 


Fig.  3.     A  Typical  Column. 
A  Reinforced  Concrete  Factory,  Birmingham. 
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a  bracKet  was  required  at    the    bead  on 
one  side  only. 

Beams. — One  of  the  most  difficult 
features  in  pre-cast  work  is  that  of  the 
valley  beams  which  rest  on  the  columns 
and  support  the  ends  of  the  trusses,  as  it 
is  necessary  to  provide  continuity  of  the 
roof  covering  at  this  point  and  avoid  any 
joint  between  the  beam  and  the  roof 
slope  ;  while  the  top  portion  of  the  beam 
which  actually  forms  part  of  the  gutter 
between  tw^o  adjacent  slopes  cannot  be 
formed  of  a  greater  width  than  the  lower 
part  of  the  beam  on  account  of  the  need 
of  low^ering  the  trusses  into  position.  To 
overcome  this  difficulty  the  lower  portion 
of  the  beams  only  were  pre-cast  and  the 
remainder  was  formed  in  situ  at  the  same 
time  as  the  main  roof  covering,  and  a 
monolithic  structure  \\'as  obtained  by 
leaving  the  upturned  beam  rods  and  the 
stirrups  projecting  above  the  pre-cast 
work  to  form  a  bond  with  the  concrete 
placed  in  situ.  The  total  depth  of  the 
beams  when  completed  is  2  ft.  6  in.,  and 
of  this  a  portion  about  2  ft.  deep  was 
pre-cast  As  previously  stated,  the 
distance  betw^een  the  column  centres  is 
20  ft.,  and  the  length  of  the  beam  as  cast 
in  the  mould  is  19  ft.,  this  giving  the  space 
of  12  in.  over  the  head  of  the  columns  and 
between  the  ends  of  the  beams,  which  was 
filled  in  with  concrete  after  erection.  The 
beam  rods  were  also  left  projecting,  so  as 
to  enter  this  in  situ  concrete,  and  thus  a 
good  connection  is  obtained  between  the 
columns,  beams  and  roof  concrete.  The 
main  bt^am  reinforcement  consists  of  five 
I  in.  rib  bars  in  the  lower  surface,  of  which 
three  are  cranked  up  toward  the  ends,  and 
these  were  left  protruding  to  form  a  bond 
with  the  top  portion,  wiiich  was  l\)rmed 
later.  The  reinforcement  in  the  upper 
surface  over  the  column  consists  of  four 
I  in.  rib  bars,  and  these,  of  course,  come 
within  the  concrete  placed  alter  the  beam 
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Fiji.  7.     \"iew  showing  erection  of  Crane  Bay. 
A  Reinforced  Concrete  Factory,  Birmingham. 


Fig.  8.      Steel  Chimney  and  Ccncreie  Work  to  Boiler  Housj 
.•\  Reinforced  Concrkte  FArTl>R^.  Birmingham. 
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is  erected.  In  addition  to  these  main  bars  there  are  three  |in.  rib  bars  which  are 
introduced  at  the  points  where  brackets  occur  which  carry  the  ends  of  the  trusses. 
These  trusses  are  spaced  at  6  ft.  8  in.  centres  and  they  all  bear  on  the  beams  and 
in  no  case  come  directl}'  on  to  the  columns.  The  brackets  are  provided  on  the 
pre-cast  portion  of  the  beam  and  they  have  a  width  of  12  in.  and  a  projection  of 
7  in.  The  beam  is  also  provided  with  |  in.  diam.  stirrups,  at  4,  6  and  9  in.  pitch 
throughout  the  length.  A  detail  of  a  typical  column  and  beam  are  illustrated  in 
Figs.  3  and  5. 

Roof  Trusses.— The  roof  trusses  were  all  pre-cast  and  a  detail  of  one  of  these  is 
sho\Mi  in  Fig.  6.  The  overall  length  is  19  ft.  3I  in.  and  the  principal  rafters  have  a 
pitch  of  30  and  60  degrees  respectively. 

As  before  mentioned,  these  trusses  are  spaced  at  6  ft.  8  in.  centres,  and  although 
this  appears  rather  close,  it  is  a  distance  which  was  fixed  by  the  B.S.A.  Company 
because  it  is  a  standard  spacing  adopted  by  them  for  the  attachment  of  shafting, 
motors  and  gear  generally,  which  is  all  carried  overhead  and  standardised,  so  that 
any  part  is  interchangeable,  not  only  in  one  shop  but  over  the  whole  works 
generally.  This  method,  of  course,  provides  considerable  additional  loading  to  be 
carried  by  the  trusses,  but  it  is  an  excellent  method  because  all  the  motors,  pulleys 
and  shafting  are  very  accessible,  while  the  maximum  clear  floor  space  is  obtained 
for  machinery.  As  will  be  seen  the  truss  is  designed  with  a  single  strut  to  the  long 
rafter  and  the  whole  of  the  reinforcement  is  hooked  or  turned  at  the  ends  to  tie 
the  adjacent  members  well  together. 

The  tie  beam  is  10  in.  by  7  in.,  the  long  rafter  9  in.  by  7  in.,  the  short  rafter 
6  in.  by  7  in.,  and  the  strut  and  intermediate  tie  are  4  in.  by  7  in.  Each  member 
is  reinforced  with  four  bars,  with  {'^  in.  diam.  binders,  at  6  in.  pitch  throughout. 
Notches  4  in.  deep  are  pro\'ided  at  the  ends  where  the  truss  bears  on  the  beam 
brackets  and  holes  are  provided,  which  allow  the  truss  to  be  bolted  to  the  beam 
with  a  small  steel  angle  cleat  as  a  precaution  against  an}-  slight  tendency  to  move 
out  of  the  vertical  plane  during  the  placing  of  the  roofing  material.  Projecting 
ties,  3^  in.  diam.  and  spaced  at  12  in.  centres  were  arranged  along  the  back  of  the 
long  rafter  and  at  the  foot  of  the  short  rafter  for  fixing  Hy-rib  which  was  used  in 
connection  with  the  roof  covering. 

Roof  Covering. — This  covering  consists  of  concrete  3  in.  thick,  which  was 
placed  on  the  Hy-rib  without  the  use  of  any  shuttering,  and  the  undersurface 
was  afterwards  plastered  to  cover  the  reinforcement  which  was  thus  exposed. 
The  top  surface  is  finished  with  a  patent  roof  covering  which  is  dressed  dowii 
into  the  gutters  and  over  the  glazing  which  occurs  on  the  north  slopes,  small 
wooden  fillets  being  cast  on  the  concrete  where  required  for  fixing  down  the 
edges  of  the  covering  material. 

Filling  of  Wall  Panels. — The  filling  of  the  wall  panels  between  the  columns  is 
executed  in  brickwork.  In  connection  with  the  casting  of  the  members  it  is 
interesting  to  note  that  the  builders  were  enabled  to  continue  work  throughout 
the  frosty  weather  by  means  of  a  simple  method  of  heating  any  newly  formed 
members.  The  members  Avere  cast  in  stacks  hv  laying  down  a  level  platform 
on  which  was  placed  the  shuttering,  this  consisting  of  a  form  of  the  required 
shape  without  top  or  bottom,  the  latter  being  formed  by  the  platform.     The 
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reinforcement  which  had  been  previously  assembled  was  then  placed  in  the  mould 
and  the  concrete  deposited.  When  the  latter  was  sufficiently  hardened  the  form 
was  slightly  loosened  and  raised  up  to  the  top  of  the  member  and  the  placing  of 
the  steel  and  concrete  repeated.  The  member  already  cast  thus  formed  the 
bottom  of  the  mould,  and  this  was  covered  with  a  layer  of  oiled  paper  to  prevent 
adhesion  between  the  two  units.  This  process  of  casting  and  raising  was  continued 
until  the  stack  reached  a  height  at  which  convenience  ended,  and  the  result  was 
a  series  of  units  cast  flat,  one  above  the  other,  which  was  left  to  season  as  rec]uired. 
Several  stacks  were  in  progress  of  formation  at  the  same  tim.e,  and  thus  the  work 


Fi^.  9.     Method  of  Heating  diirinj;  Casting. 
A  Reinfor(i;d  Concrete  Factory,  Birmingham. 

could  proceed  continuously  by  the  workmen  passing  on  from  point  to  point  in 
rotation. 

Method  of  Heating  during  Cold  Weather. — The  heating  during  frosty  weather 
was  accomplislicd  with  a  portable  boiler,  from  which  a  steam  main  was  led  along 
the  ground,  this  main  having  a  tee-piece  and  valve  at  each  stack.  A  loop  pipe 
following  roughly  the  same  shape  as  the  stack  was  provided  at  each  of  these 
points  and  the  loop  pipe  was  raised  as  the  work  proceeded,  and  the  heat  was 
therefore  conducted  to  the  newly  placed  concrete  to  keep  the  surrounding  air 
well  above  freezing  point.     (See  photograph,  Fig.  9.)     The  cost  of  this  heating 
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was  negligible,  and  valuable  time  \vas  saved  by  the  continuous  procedure  and 
the  men  were  kept  together  during  the  whole  of  the  period. 

Other  Interesting  Features. — An  uncommon  feature  of  the  work  is  that,  owing 
to  the  need  for  keeping  all  the  available  men  on  the  concreting  and  other  heavy 
labour,  girls  were  employed  for  the  bending  and  preparation  of  the  links  and  light 
reinforcement  by  means  of  specially  designed  tools,  and  this  method  proved 
very  successful. 

For  lifting  and  moving  the  units  when  seasoned  2  portable  cranes  were  used, 
these  picking  up  the  members  in  the  ordinary  way  and  travelling  \\  ith  them  to  the 
building,  where  they  were  placed  directly  into  position  and  connected.  The 
actual  assembling  of  the  parts  w  as  therefore  a  very  speedy  matter,  and  the  concrete 
covering  and  other  in  situ  work  could  follow  on  continuously.  A  portable  electric 
crane  was  also  installed  on  the  site  itself  and  this  assisted  in  the  lifting  of  the 
units,  and,  having  a  specially  long  jib,  it  was  able  to  lift  up  concrete  in  skips 
over  the  assembled  members  and  deposit  same  in  the  required  position  on  the 
roof  slopes  vidthout  the  use  of  any  runways,  hoists  or  barrows.  All  the  concrete 
used  was  composed  of  4  parts  of  f  in.  granite  chippings.  2  parts  of  sand  and  i  part 
of  Portland  cement.  The  ground  floor  is  formed  with  a  layer  of  plain  concrete 
covered  with  granolithic. 

The  reinforced  concrete  work  was  designed  by  the  Trussed  Concrete  Steel  Co., 
of  Westminster,  and  executed  by  Messrs.  Harvey  Gibbs,  of  King's  Heath,  the 
general  contractor  for  the  building. 


Fig.  10.     Interior  \  lew. 
\  Reinforced  Concrete  Factcrv,  Birmingham 
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THE  HOUSING  QUESTION. 


At  the  Annual  Meeting  of  the  American  Concrete  Institute  a  number  of  Papers  were 
read  dealing  "with  the  housing  question,  a  matter  tuhich  is  occupying  considerable  attention 
everywhere.  In  the  present  issue  we  reproduce  (1)  A  Report  of  the  Committee 
on  Industrial  Concrete  Houses;  (2)  A  Paper  read  by  Mr.  E.  G.  Perrot  on  "The 
Architectural  Design  of  the  Concrete  House  "  ;  and  (3)  A  Paper  by  Mr.  Milton  Dana  Morrill 
on  "  The  Interior  Construction  of  the  Industrial  House.  " — ED. 


REPORT    OF    THE   COMMITTEE    ON    INDUSTRIAL 
CONCRETE    HOUSES. 

Owing  to  the  late  date  at  which  the  committee  was  appointed,  the  work  done  must 
be  considered  as  simply  of  a  preliminary  nature.  Some  information  has  been  gathered 
and  some  exchange  of  views  has  been  made  between  the  members  of  the  committee  in 
the  report  as  now  put  forward  and  the  papers  already  presented  at  the  convention, 
some  idea  will  be  given  of  the  scope  of  the  subject  and  its  importance  to  the  country 
in  general  and  to  the  American  Concrete  Institute  in  particular. 

The  concrete  house  is  now  an  accomplished  fact.  It  has  come  to  stay.  For 
many  years  experiments  have  been  made  with  many  types.  Many  of  the  earlier 
houses  were  quite  unsuitable  and  showed  defects,  but  the  later  examples  are  much 
impro\-ed,  the  earlier  defects  are  being  eliminated  and  the  concrete  house  as  built 
to-day  is  a  thoroughly  sanitary,  weatherproof,  permanent  and  fireproof  home.  It 
approaches  more  nearly  the  ideal  home  than  any  other  type  of  construction. 

DEFINITIONS. 

The  expression,  "  concrete  house,"  is  a  rather  indefinite  term  conveying  different 
meanings  to  different  minds.  In  order  to  make  this  report  clear  the  committee  have 
defined  the  concrete  house  as  a  house  ha\Tng  external  walls  of  monolithic  concrete 
precast  concrete  or  concrete  blocks.  A  house  which  also  has  internal  partitions  and 
floors  and  roof  of  concrete  we  describe  as  "  all-concrete  house."  A  frame  building 
covered  with  stucco  or  gunite  is  not  considered  to  fall  within  the  definition,  "  concrete 
house,"  and  is  defined  as  a  "  cement  covered  house." 

CONDENSATION    TO    BE    GUARDED    AGAINST. 

We  have  found  that  there  exists  in  the  minds  of  the  layman  an  impression  that 
concrete  is  danip  and  unhealthy.  It  is  most  unfortunate  that  concrete  should  have 
such  a  reputation  even  though  we  have  found  some  earlier  houses  that  give  some 
justification  for  this  criticism.  It  will  be  recognised  by  members  of  the  Institute 
that  while  a  concrete  wall  ma\-  be  perfectly  waterproof  it  is  subject  to  condensation 
on  a  wet  day  unless  the  walls  are  furred  and  plastered  so  as  to  get  an  air  space  insula- 
tion ;  this  condensation  is  sure  to  be  apparent.  In  some  houses  this  has  pro\-ed 
to  be  a  very  objectionable  feature  ;  in  other  houses  inspected  by  members  of  our 
committee  the  tenants  complain  that  on  tlie  family  wash  day  the  walls  were  \'ery  wet 
and  on  other  davs  thev  were  comfortable.     CUmate  has  a  good  deal  to  do  with  this. 

RELATIVE    COSTS. 

The  investigation  of  the  committee  have  not  shown  that  a  concrete  house  can  be 
built  more  cheaply  than  a  wooden  frame  house.  The  relative  cost  of  course  \-aries  in 
different  locaUties  according  to  the  availabihty  of  different  types  of  material,   but 
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speaking  generally  we  find  that  the  cost  of  a  concrete  house  should  run  from  lo  to  15 
per  cent,  more  than  the  cost  of  a  well  constructed  frame  house. 

The  advocates  of  the  concrete  house  must  rely  upon  the  superior  merits  of  concrete 
as  a  material  and  not  upon  its  low  first  costs. 

THREE    TYPES    OF    COXSTRUCTIOX. 

Three  principal  tvpes  of  concrete  house  construction  are  the  concrete  block, 
the  precast  house  and  the  monolithic  house.  We  have  not  pushed  our  studies  into 
the  stucco  house  or  cement-gun  covered  house,  which  seem  to  be  outside  of  the  scope 
of  the  committee.  The  general  conclusions  of  the  committee  as  to  the  merits  of  the 
various  methods  are  that  for  small  jobs  the  concrete  block  house  stuccoed  on  the 
outside  is  the  best  solution,  but  for  large  developments  in  which  more  than  50  or  60 
houses  are  required  the  monolitliic  or  precast  types  show  an  economy  in  cost  and  speed 
that  should  place  them  in  the  foreground. 

DIFFICULTIES    TO    BE    OVERCOME. 

In  any  tvpe  of  concrete  house  construction  difficulties  are  sure  to  be  met  \\-ith. 
Some  of  these  are  discouraging  to  the  contractor  entering  this  field  and  are  hkely  to 
hinder  its  expansion  unless  faced  and  overcome.  The  committee  have  thought  it  well 
to  discuss  them  frankly  in  order  to  guard  the  novice  against  disappointment  and 
failure,  reahsing  as  we  do  that  these  difficulties  are  incidental  only  and  not  insuperable. 
The  successful  work  done  is  sufficient  answer  to  anv  objection  raised  that  concrete 
house  construction  is  too  difficult  or  impossible. 

PRECAST    COXSTRUCTIOX. 

The  precast  house  composed,  as  it  is,  of  shop-made  units  of  considerable  size  and 
weight  needs  a  large  outlay  on  equipment  for  hoisting  erection  and  transportation  of 
the  units.  This  limits  the  use  of  this  method  to  groups  of  houses  which  are  large 
enough  to  amortise  this  ovitlay  in  a  reasonable  time.  Great  care  also  is  needed  in 
setting  to  prevent  breakage,  as  a  broken  unit  not  only  involves  loss  of  spoiled  material 
but  considerable  delay  while  fresh  units  are  made.  In  order  for  a  precast  system  to 
show  economy  the  design  of  the  houses  must  be  alike  in  plan  and  uniform  in  design. 

MOXOLITHIC    COXSTRUCTIOX. 

The  committee  are  agreed  that  wood  forms  are  out  of  the  question  for  monolithic 
house  construction.  Although  the  first  cost  is  low  the  life  is  short,  the  upkeep  high, 
and  the  results  obtained  are  generally  unsatisfactory.  In  any  kind  of  concrete  con- 
struction the  concrete  wall  is  more  difficult  to  form  than  the  floor,  the  foundations 
or  other  parts  of  the  building,  and  it  is  therefore  necessars'  to  discard  the  wood  form 
and  search  for  something  better  if  monolithic  concrete  hovises  are  to  be  built  success- 
fully. 

There  are  about  a  dozen  metal  wall  forms  for  house  construction  on  the  market. 
One  of  these  is  made  of  structural  steel  channels,  the  rest  of  sheet  metal.  With  certain 
forms  a  complete  storv  can  be  poured  at  one  time,  but  the  greater  number  are  designed 
to  allow  the  pouring  of  one  course  (usually  2  ft.)  at  a  time. 

The  structural  steel  form  has  the  demerit  of  being  exceedingly  heavy,  but  on  the 
other  hand  is  easily  set  up  true  to  line  and  giving  a  ver\'  good  wall  surface.  The  sheet 
metal  form  is  not  so  easily  kept  true  and  is  easily  distorted  and  damaged,  but  with 
proper  care  can  be  used  to  produce  excellent  results. 

EXTEXT    OF    APPLICATIOX    OF    COXCRETE. 

The  committee  has  not  come  to  any  conclusion  as  to  how  much  of  the  house  should 
be  built  of  concrete.  Accordingly  the  members  have  presented  their  di^■ergent  views 
m  their  papers  rather  than  attempt  to  come  to  any  agreement  so  quickly.  It  is  certain 
that  the  concrete  wall  offers  great  advantages  due  to  its  fireproof,  weatherproof  and 
permanent  quahties.  It  should  be  furred  inside.  It  should  cost  about  the  same  as  a 
brick  wall  or  slightly  less.  A  concrete  floor  should  cost  about  18  c.  per  sq.  ft.  more 
than  a  wood  floor,  concrete  with  Avood  top  svirface  about  30  c.  per  sq.  ft.  more. 

A  granolithic  floor  is  advocated  by  some  on  account  of  the  ease  of  cleaning,  but 
for  poor  families  who  cannot  afford  many  rugs  it  is  unsuitable  and  it  is  unhealtln-  for 
small  children  to  play  on  a  cement  floor. 
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When  concrete  construction  is  used  for  constructing  outside  features  like  porch 
columns  and  roofs  and  mouldings,  cornices  and  ornaments  the  cost  of  the  house  is 
increased  very  quickly. 

EXTERNAL    SURFACES. 

Concrete  being  a  new  material,  the  tendency  is  generally  to  cover  it  up  to  make 
it  look  like  something  else,  and  therefore  most  of  the  concrete  houses  built  up  to  the 
present  time  have  been  covered  with  stucco.  With  a  steel  form  that  gives  a  good 
even  line  concrete  can  be  finished  ^dth  a  rubbed,  or  mre  brushed  or  tooled  surface 
that  will  be  quite  satisfactory  in  texture  and  in  colour.  And  very  artistic  effects  can 
be  gained  with  the  use  of  coloured  aggregates.  To  finish  with  a  wood  float  does  not 
give  a  good  result.  The  concrete  house  is  superior  to  brick  or  any  other  t^-pe  of  house 
on  account  of  its  permanency,  fireproof  and  weatherproof  qualities  and  pleasing 
appearance.  No  repointing  is  necessar\^  no  efflorescence  disfigures  its  surfaces.  The 
all-concrete  house  combines  with  these  advantages  the  absolute  rigidity  which  is 
lacking  in  a  wood  floored  house,  sticking  of  doors,  settlement  cracks  in  walls  and  in 
plastering  are  avoided,  and  there  is  no  harbourage  for  vermin. 

RESTRICTION    LAWS. 

Building  ordinances  framed  to  control  brick  tile  and  stone  construction  before 
the  extensive  use  of  concrete  in  wall  construction  ai^e  in  most  cases  unduly  burdensome 
and  restrictive  when  applied  to  concrete.  Six-inch  walls  are  the  maximum  needed  in 
monohthic  construction  and  2  in.  is  common  in  precast  construction  where  other 
structural  members  carry  the  load.  Most  codes  call  for  8  in.  and  some  as  much  as 
12  in.  thickness.  Similar  difficulties  are  found  u-ith  floors  A  reform  of  our  building 
laws  is  urgently  needed  in  many  of  our  big  cities  and  the  committee  has  in  mind  the 
preparation  of  a  building  code  for  concrete  small  house  construction  which  mil  serve 
as  a  model  for  cities  and  suggest  that  after  receiving  the  endorsement  of  the  Institute 
it  be  circulated  and  urged  upon  municipal  authorities. 

There  is  a  \videspread  interest  in  the  concrete  house  to-day.  There  is  not,  how- 
ever, much  active  demand  for  them,  owing  to  the  dearth  of  contractors  experienced 
in  concrete  work  who  are  entering  this  new  field  to  create  a  supply.  The  majority  of 
the  small  houses  built  to-day  are  built  for  quick  sale  by  the  vendor  and  not  for  invest- 
ment. House-building  standards  have  been  low.  Competition  in  prices  has  been 
keen,  but  quality  has  been  a  secondary'  consideration.  The  demand  at  the  present 
time  seems  to  be  for  a  better  type  of  construction — concrete  meets  this  demand. 

VALUE    OF    PERMANENT    CONSTRUCTION. 

The  housing  programme  of  the  Government  entrusted  to  the  Shipping  Board  and 
the  Department  of  Labour  will  set  the  standard  of  housing  for  many  years  to  come. 
It  is  of  the  utmost  importance  that  these  standards  should  be  higher  than  the  low 
standards  that  now  prevail  and  especially  that  the  work  done  be  of  such  permanent 
character  that  it  may  prove  to  be  an  adequate  security  for  the  funds  expended  and  for 
long  term  mortgage  bonds  at  low  rates  of  interest. 

We  believe  that  the  members  of  the  Institute  should  use  their  influence  to  ensure 
that  in  the  carrying  out  of  this  programme  and  in  the  other  industrial  housing  work 
carried  out  by  public  funds  or  private  enterprise  the  concrete  house  should  occupy  its 
rightful  place. 

Good  and  sufficient  housing  is  one  of  the  most  pressing  needs  of  the  nation  at 
this  time.  Without  it  we  are  seriously  handicapped  in  the  winning  of  the  war.  The 
pro\-ision  of  good  housing  is  not  only  an  immediate  need  but  a  permanent  national  gain 
and  every  member  who  lends  his  influence  and  aid  to  the  securing  of  this  end  is 
rendering  a  real  service  to  the  nation. 


ARCHITECTURAL   DESIGN   OF   THE   CONCRETE   HOUSE. 

By  E.  G.  PERROT.^ 

With  the  growing  importance  of  the  necessity  for  permanent  construction  of  good 
homes  for  the  wage-earner  is  the  all-important  one  of  materials  for  construction  coupled 
with  successful  architectural  design. 

*  Ballinger  &  Perrot,  Architects,  Philadelphia,  Pa. 
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When  viewing  the  successful  creations  of  the  small  house  for  the  wage-earner 
which  found  its  early  expression  in  modern  industrial  villages  planned  on  Garden  City 
hnes,  financed  and  built  by  industrial  estabhshments,  in  England,  notably  at  Port 
SunUght,  Bournville  and  Letchworth,  we  are  surprised  to  find  the  high  character  of 
the  architectural  treatment  of  these  houses.  Their  cosiness  and  real  homehke  effect 
contrast  ver\^  strongly  with  our  company  houses  in  the  United  States,  which  mil  ever 
remain  as  one  of  the  blots  on  the  architectural  horizon,  since  the  opportunity  to  combine 
the  utilitarian  with  the  aesthetic  has  been,  it  would  appear,  almost  studiously  avoided, 
when  it  would  have  been  possible,  with  a  little  care  and  study,  to  have  approached 
nearer  to  that  which  we  are  now  striving  to  attain,  namelv,  cheap  artistic  homes  for 
the  wage-earner 

CONCRETE    AS    A    BUILDING    MATERIAL. 

Concrete  as  a  building  material,  having  been  used  mostly  in  its  early  apphcation 
to  building  construction  and  engineering  work,  has  been  left  to  the  chaotic  caprice 
of  the  uninitiated  in  the  realms  of  fine  arts  to  be  developed  more  in  a  structural  manner 
than  has  been  good  for  the  effect  on  the  public  at  large.  This  has  been  so  much  so  that 
the  architectural  profession  has  concerned  itself  less  with  the  ornamental  treatment  of 
concrete  than  with  its  structural  importance. 

Good  architectural  design  is  based  on  unity,  grace  and  proportion.  It  is  by  the 
adaptation  of  the  first  and  last  of  these  fundamental  qualities  that  concrete  can  simulate 
a  design  which  might  be  suitable  for  any  other  material  of  a  plastic  nature,  such  as 
stucco  on  brick  or  hollow-tile,  or  of  even  simple  types  of  brick  buildings. 

Many  of  our  present  types  of  domestic  architecture  lend  themselves,  with  very 
little  modification,  to  reinforced  concrete. 

In  the  treatment  of  the  exterior  design,  a  stvle  that  depends  upon  plain  wall 
surfaces  w^th  well-proportioned  and  properly  related  openings,  with  the  avoidance  of 
projecting  mouldings,  useless  and  meaningless  ornamentations,  etc.,  is  the  one  which 
can  easily  be  executed  in  concrete.  It  is  very  essential  to  studiously  avoid  moulded 
and  under-cut  bands  and  projections.  Flat  bands  forming  string  courses  and  panels 
may  be  judiciously  used  when  the  style  of  architecture  demands  such  treatment. 

\Miether  the  roofs  are  to  be  flat  or  high  pitched  depends  generally  upon  the 
chmatic  conditions  of  the  locality'  in  which  the  houses  are  to  be  built.  We  all  know 
that  the  pitched  roof  in  colour  lends  very  much  to  the  attractiveness  of  a  house.  A 
low-walled  and  high-roofed  house  more  easily  produces  the  effect  of  the  house  being 
a  part  of  the  ground,  or,  in  other  words,  as  growing  out  of  the  ground  instead  of  simply 
standing  upon  it.  This  feature  of  making  the  architecture  indigenous  to  the  soil  is  the 
one  which,  more  than  any  other,  is  so  characteristic  of  the  manv  beautiful  industrial 
villages  seen  in  England. 

It  has  been  found  to  be  more  economical  in  the  cost  of  construction  to  build 
houses  in  groups  or  rows,  hmiting  them  to  rows  not  exceeding  eight  or  ten,  than  to  build 
single  or  twin  houses.  A  great  many  varied  effects  can  be  obtained  in  the  group  system 
by  the  use  of  projecting  pa\'ilions,  gables,  etc. 

EXTERIOR    SURFACE. 

One  feature  that  should  be  given  consideration  in  the  exterior  of  the  concrete 
house  is  its  colour.  The  unattractive  mouse  colour  of  concrete  cannot  be  made  to 
satisfy  the  colour  instinct  in  man.  It  is  for  this  reason  that  the  poured  concrete  house, 
unless  treated,  \\'ith  a  special  aggregate  or  other  means  to  enliven  the  colour,  is  bound 
to  be  a  failure. 

Where  an  extensive  housing  programme  is  contemplated,  one  method  of  using 
concrete  which  permits  of  beautiful  colour  effects  as  well  as  artistic  design  is  by  the 
cement-gun.  It  appears  that  much  can  be  gained  by  a  studv  of  how  the  gun  can  be 
brought  into  more  universal  use  in  house  building.  In  connection  with  stucco  work 
along  the  Pacific  Coast  it  has  been  very  successfullv  employed,  while  in  the  east  its  use 
in  connection  with  engineering  structures  has  of  late  been  brought  into  great  promi- 
nence. There  is  still  a  big  field  for  its  application  in  connection  with  houses,  which  the 
writer  feels  will  solve  many  of  the  comphcations  of  the  problem. 
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CONXRETE    BLOCKS. 

The  use  of  concrete  blocks  for  houses  is  restricted  to  certain  sizes  and  shapes  of 
blocks,  and,  although  made  to  imitate  natural  material,  stone,  their  use  is  unartistic 
from  the  purely  architectural  point  of  view,  and  for  that  reason  have  not  been  adopted 
by  architects  generally.  Walls  built  of  rough  concrete  blocks,  however,  can  be 
stuccoed  with  hand-placed  mortar.  Tile  inserts,  properly  placed,  make  a  very  effective 
design,  especially  if  the  coloured  tiles  are  judiciously  used  on  piers,  panels,  and  in  string 
courses. 

MONOLITHIC    WALLS. 

MonoUthic  concrete  walls  can  best  be  coloured  by  using  coloured  aggregates, 
surface  scrubbed,  thereby  remo\ang  the  outer  film  and  leaving  the  coloured  aggregates 
exposed  to  view.  If  it  is  not  possible  to  do  this,  the  wall  can  be  tool-dressed  \vith  a 
pneumatic  tool  after  the  concrete  has  hardened.  From  the  writer's  experience,  a 
light  pebble  forming  the  fine  and  course  aggregate  in  the  concrete,  with  a  scrubbed  or 
tooled  finish,  makes  an  excellent  exterior  for  poured  monoUthic  walls.  However,  as 
this  material  is  not  available  in  all  localities,  it  is  necessary  to  adopt  a  treatment  of  the 
exterior  that  can  be  obtained  by  materials  at  hand,  using  tile  inserts  as  prevdously 
mentioned  above. 

CONCLUSION. 

Therefore,  if  we  are  to  look  for  a  solution  of  the  architectural  expression  of  the 
concrete  house,  we  must  get  away  from  what  has  hitherto  been  satisfactory  from  a 
purely  engineering  standpoint.  We  must  remember  that  a  house,  in  order  to  be 
successful,  must  simulate  the  home  spirit  and,  if  I  may  use  the  term,  have  a  httle  of 
that  quaintness  which  is  not  found  in  a  great  many  "  stiff  "  creations  parading  under 
the  name  of  houses.     ]\Iany  are  merely  wooden  or  concrete  boxes. 

I  reaUse  that  what  I  have  said  may  not  be  very  encouraging  to  those  whose 
efforts  have  been  put  forth  to  advance  concrete  house  construction,  but  if  we  are  to 
place  this  construction  in  the  class  of  other  materials  which  have  long  since  been 
recognised  and  used  by  all  peoples  as  meeting  aesthetic  demands  we  mil  have  to  adopt 
the  same  fundamental  principles  which  form  the  basis  of  all  true  art. 

The  dawn  of  a  bright  era  appears  to  the  writer  to  be  approaching,  and  he  trusts 
these  few  remarks  will  tend  to  point  in  the  direction  where  a  happy  solution  of  this 
complex  problem  will  soon  be  found. 


INTERIOR  CONSTRUCTION   OF  THE    INDUSTRIA.L    HOUSE. 

By  MILTON  DANA  MORRILL. 

In  the  consideration  of  the  best  interior  construction  for  industrial  houses,  let  us  take 
for  example  these  built  and  owned  by  a  manufacturing  or  holding  companv  to  be 
rented  by  the  families  of  the  employees. 

These  houses  must  be  expected  to  stand  hard  service  They  mil  be  occupied 
by  one  family  after  another,  and  moving  furniture  is  hard  on  the  house  interior. 
There  will  be  some  large  families  with  several  children  and  many  with  three  or  four 
lodgers.  Experience  shows  that  some  of  these  families  will  keep  their  houses  spotlessly 
clean,  while  others  will  be  indifferent  as  to  dirt,  insects,  fire  risks  and  care  of  the  house 
generally. 

The  interior  of  the  industrial  house  should  fulfil  the  following  requirements  : — 
(i)  The  rooms  should  be  light  and  cheerful,  free  from  dampness,  warm  in  winter 
and  cool  in  summer. 

(2)  Such  a  house  interior  should  be  free  from  dust-catching  woodwork. 

The  surfaces  and  finish  should  be  as  waterproof  as  possible  so  that  the  house 
may  be  washed  out,  scrubbed  and  thoroughly  cleaned  between  rentals. 

(3)  In  the  construction  cracks,  crevices  and  concealed  spaces  should  be  avoided, 
as  they  are  likely  to  harbour  and  offer  a  breeding  place  for  \ermin  and  insects. 

(4)  The  construction  should  be  fire  resisting  or,  better,  fireproof. 
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(5)  The  construction  should  be  reasonable  in  first  cost,  permanent  and  capable  of 
resisting  hard  usage  with  a  minimum  expense  for  upkeep  and  repair. 

TYPES    OF    INTERIOR    CONSTRUCTION. 

Let  us  consider  three  of  the  possible  types  of  interior  construction  for  industrial 
houses,  (i)  A  house  with  masonry  walls,  the  usual  wood  floor  beams,  board  floors, 
lath  and  plaster  ceiUngs,  wood  stud  partitions  lathed  and  plastered  ;  a  non-fireproof 
'construction.  (2)  A  house  with  masonry  walls,  reinforced  concrete  floor  slab  covered 
with  wood  sleepers  and  board  floor,  bearing  partitions  of  concrete  or  tile  ;  fireproof. 
(3)  A  house  with  a  concrete  floor  and  cement  finish  partitions  concrete  or  tile  ;  fire- 
proof. 

The  first  type  of  construction  is  the  least  expensive  in  first  cost  and  has  the 
advantage  of  being  the  kind  to  which  we  are  all  accustomed.  An  interior  of  this  kind 
wdth  wooden  floors,  door  casings,  base  and  window  trim  seems  the  most  comfortable 
and  home-hke.  We  would  like  to  stop  here  and  forget  that  most  disastrous  fires  gain 
their  headway  in  the  open  spaces  and  dry  timbers  of  these  wooden  floors.  We  would 
also  hke  to  forget  that  these  concealed  spaces  in  the  partitions  and  floors  form  ideal 
breeding  places  for  insects  and  vermin.  A  house  interior  of  this  construction  can  never 
be  completely  cleaned.  One  untidy  or  careless  tenant  can  ruin  such  a  house,  ^^^lat 
is  worse,  through  the  neglect  of  proper  precautions  in  case  of  tuberculosis,  for  instance, 
he  might  imperil  the  health  of  future  tenants. 

The  second  type  of  construction  is  an  improvement  over  the  first.  The  fire 
hazard  is  eUminated  by  the  concrete  floor  slab.  The  wooden  floors  laid  over  the 
concrete  give  the  house  a  familiar  and  home-hke  aspect.  For  the  industrial  house  this 
type  of  construction  has  the  disadvantage  of  being  the  most  expensive. 

The  third  type  is  a  house  \vith  a  concrete  interior.  Such  a  house  can  be  made 
sanitary  to  a  degree.  There  are  no  hidden  spaces  in  the  construction,  therefore  insects 
must  live  in  the  open  if  they  live  at  all.  On  a  trip  of  inspection  to  Nanticoke,  Pa.,  the 
writer  saw  one  of  these  concrete  houses  being  scrubbed  out  from  top  to  bottom  in 
preparation  for  a  new  tenant.  After  occupancy  for  many  years  these  houses  will  be 
in  good  condition  and  soap  and  water  will  make  them  fresh  and  clean  again  the  same 
as  it  does  to-day. 

The  house  -with  a  concrete  interior  has  the  further  advantage  of  permanency 
and  capacity  to  withstand  hard  usage.  The  expense  of  upkeep  and  repair  therefore 
is  reduced  to  a  minimum  and  depreciation  becomes  almost  nil  except  on  the  doors, 
windows,  plumbing  fixtures,  etc.  Fire  insurance  becomes  unnecessary,  as  there  is 
little  or  nothing  about  such  houses  to  burn. 

On  the  other  hand,  there  are  objections  to  the  house  with  the  usual  concrete 

interior.     During  the  past  five  years  the  writer  has  had  the  opportunity^  to  inspect  in 

all  83  houses  with  concrete  interiors.     It  may  be  of  interest  to  note  here  this  Ust  : — 

12  dwellings  built  under  the  Small-Harms  patent  in  Paris,  France. 

8  houses  built  under  the  Roughsledge  system  for  the  Canadian  Cement  Co., 

near  Montreal,  Canada. 

20  dwellings  at  Gary,  Ind.,  for  American  Steel  and  Wire  Co. 
40  dwellings  at  Nanticoke,  Pa.,  for  the  D.  L.  and  W.  R.  R.  Co. 
I  house  at  Brentwood,  Md. 
I  house  at  Virginia  Highlands,  Va. 
I  house  at  Union  Hill,  N.J.,  built  under  Mr.  Simpson's  plan. 

The  interior  appearance  of  the  majority  of  these  dwelhngs  is  crude  and  unfinished, 
while  from  a  structural  standpoint  the  superiority  is  ver^'  marked.  The  question 
therefore  arises,  how  may  the  interior  appearance  of  the  concrete  house  be  so  improved 
as  to  make  it  more  attractive  and  comfortable  ? 

SUGGESTIONS    FOR    IMPROVING   THE    INTERIOR    OF   A    CONCRETE    HOUSE. 

Let  us  look  into  the  possible  changes  that  might  be  made  in  the  finisliing  of  the 
interior  of  a  concrete  house  and  see  if  some  of  the  objections  and  faults  cannot  be 
overcome.  We  must  remember  that  the  art  is  new  and  that  most  of  the  useful  tilings 
about  us  were  not  in  their  first  stages  the  beautiful  articles  that  they  are  to-day. 
One  error  that  some  of  us  have  heretofore  made  is  in  trying  to  produce  such  houses 
at  too  low  a  cost.     In  the  interior  treatment  just  as  in  the  exterior  construction  we  can 
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afford  to  go  to  more  expense  than  is  usual  in  the  ordinary  house,  for  the  building  is  for 
all  time.  It  is  almost  an  axiom  that  the  permanent  building  is  the  low-cost  building 
in  the  long  run,  and  a  concrete  house  with  a  concrete  interior  should  with  a  minimum 
of  repairs  give  service  for  a  long  period  of  years. 

Floors. — The  cement  floors  have  perhaps  been  considered  as  the  greatest  drawback 
in  the  fireproof  house.  There  is  no  denying  the  fact  that  the  cement  floor  without  rugs 
or  matting  is  a  hard  surface  upon  which  to  hve  ;  however,  most  of  our  modem  hotels 
and  ofi&ce  buildings  as  well  as  the  modern  tenements  are  now  using  cement  floors,  and 
no  serious  complaint  is  made  after  the  tenant  has  become  accustomed  to  them. 

If  the  cement  floor  could  be  given  a  more  attractive  finish,  prejudice  against  it 
might  be  overcome  to  some  extent.  Such  floors  might  be  finished  with  a  terrazzo 
surface  and  at  a  cost  that  is  not  excessive  where  machine  grinding  can  be  emplo3^ed, 
or  the  floor  maj'  be  finished  Avith  a  surface  of  white  portland  cement  and  marble  dust. 
A  floor  of  this  sort  can  be  waxed  and  pohshed  much  the  same  as  a  wooden  floor.  In  some 
of  Mr.  Simpson's  plans  he  proposes  using  a  cove  base  of  hard  wood  which  is  let  in  flush 
mth  the  cement.     This  would  serve  as  a  tacking  strip  for  carpets  if  such  are  desired. 

Walls. — The  treatment  of  the  interior  walls  of  the  concrete  house  does  not  differ 
materially  from  houses  of  other  construction.  For  industrial  houses  it  is  generally 
conceded  that  painting  is  the  most  sanitar^^  and  satisfactory  finish  for  the  walls.  The 
usual  wood  trim  or  casing  around  the  windows  and  doors  may  be  used,  or  if  desired  this 
can  be  altogether  omitted,  the  plaster  returned  with  a  shghtly  rounded  comer,  making 
a  simple  and  sanitary^  finish. 

Fixtures. — In  the  industrial  house,  built-in  fixtures  and  cupboards  should  be 
bracketed  from  the  walls  where  possible,  as  this  leaves  the  floor  space  clear  for  ease 
in  sweeping  and  cleaning.  Curved  corners  where  walls  meet  and  at  the  base  and  ceiUng 
help  in  cleaning  also.  In  time  the  wash-tub,  bath-tub  and  kitchen  sink  for  the 
industrial  house  will  without  doubt  be  moulded  in  concrete,  but  at  the  present  stage  of 
the  art  enamelled  iron  is  a  far  better  and  less  expensive  material  to  use  for  these 
fixtures. 

Stairs. — In  the  house  with  a  concrete  interior  the  stairs  may  be  of  the  same 
material.  The  risers  and  treads  can  be  precast  and  set  in  place.  The  stair  railing 
can  be  made  Ukewise.  Where  cost  permits,  decorative  tile  or  precast  panels  may  be 
set  in  the  house  walls  ;  stencilling  makes  also  an  attractive  way  to  apply  simple 
decoration. 
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The  foll:,iving  summary-translation  of  a  detailed  description  of  the  bridge  has  been 
made  by  A.  B.  Searle  from  the  French  joarnat,  "  Le  Genie  Civil."  For  our  illustrations 
tve  are  indebted  to  M.  Chalumeau,  the  designer  of  the  bridge. — ED. 


The  new  bridge  across  the  Rhone  at  Lyons,  opened  on  the  14th  of  July 
last,  and  named  after  the  illustrious  President  of  the  United  States,  is  built 
on  the  Sejoume  system,  in  which  the  main  arches  are  surmounted  by  a 
series  of  pillars  arranged  in  two  rows,  and  these  in  turn  support  a  large 
slab  of  reinforced  concrete  which  carries  the  roadway  on  top  of  the  bridge. 
This  arrangement  effects  a  great  sa\'ing  in  cost  and  facilitates  construction 
without  in  an}'  wav  detracting  from  the  appearance  of  the  stmcture. 


Fig.  1.     Half  of  Main  Arch  showing  Superstructure. 
The  Wilson  Bridge  at  Lyons. 

The  Wilson  Bridge  has  four  main  elHptical  arches  with  a  span  of  140, 
150,  163  and  150  ft.  respectively,  and  two  end  arches  with  spans  of  25  ft. 
and  37  ft.  The  length  of  the  bridge  is  760  ft.,  and  the  width  between  the 
parapets  is  67  ft.,  including  a  roadway  37  ft.  wide  and  two  footpaths  each 
15  ft.  wide.  The  pillars  are  each  17  ft.  wide,  and  the  two  rows  of  pillars 
are  36  ft,  apart. 

The  large  concrete  slab  was  reinforced  on  the  Hennibique  system,  its 
construction  requiring  I2|  months.     This  slab  measures  740  ft.  by  54  ft.  ; 
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its  cubic  content  is  45,000  cu.  ft.,  and  270  tons  of  steel  and  425  tons  of 
Portland  cement  have  been  used  in  its  construction. 

The  roadway  and  footpaths  are  carried  by  trapezoidal  beams  nearly 
6  ft.  in  height  at  the  centre  and  3  ft.  at  the  ends,  resting  directly  on  the  arches. 
These  beams  are  formed  of  members  13  in.  by  t6  in.  above  and  14  in.  by 
10  in.  below,  with  10  in.  by  14  in.  ties  ;  in  the  space  between  the  ties  are 
4  in.  webs  ;    the  dead  weight  of  the  stiiicture  being  thus  reduced  to  a 


'  Fi^.  2.     Transverse  Section  as  Plan  of  Superstructure. 

Thk  Wilson  Bridge,  Lyons. 

minimum.  The  two  extremities  of  the  beams  rest  on  the  pillars  by  means 
of  a  supporting  piece  28  in.  by  20  in.  connected  with  another  block  20  in. 
wide. 

The  roadway  is  paved  with  creosoted  blocks  ;  the  two  footpaths  are 
asphalted.  Under  each  footpath  is  a  rectangular  channel  4  ft,  8  in.  by 
3  ft.  10  in.  to  accommodate  gaspipes,  electric  cables,  telephone  wires,  etc.  ; 
each  of  these  can  readily  be  inspected  at  any  point. 

The  use  of  wrought  stone  for  the  four  main  arches  gives  a  monumental 
and  massive  appearance  to  the  whole  bridge,  whilst  the  simultaneous  use 
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of  reinforced  concrete  for  the  upper  portion  enables  tliis  part  to  be  built 
lightly  whilst  maintaining  ample  strength.  The  \^ddth  of  the  supports  of 
the  main  arches  is  only  one-tenth  of  the  span  of  the  latter  and  is  in  marked 
contrast  to  many  other  stone  bridges  in  which  the  width  of  the  pillars  is 
more  than  a  quarter  of  the  span  of  the  arches.  This  arrangement  not  only 
adds  grace  to  the  appearance  of  the  structure,  but  reduces  the  amount  of 
masonry  exposed  to  the  water  and  greatly  increases  the  waterway — an 
advantage  which  can  be  readily  appreciated  in  the  case  of  a  river  subject 
to  ^~uch  violent  fluctuations  as  those  of  the  Rhone. 

The  bridge  was  designed  and  executed  by  M.  Chalumeau,  engineer-in- 
chief  to  the  Municipalit}'  of  Lyons. 
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CONCRETE   IN 
SEA    WATER, 

{Concluded.) 


By  R.  J.  WIG  and  L.  R.  FERGUSON. 
V. 

The  present  article  concludes  the  series  'we  have  been  publishing  regarding  Concrete 
in  Sea  Water,  and,  as  ivil!  be  observed,  the  authors,  in  the  present  article,  lay  the  greatest 
emphasis  on  the  necessity  of  good  tuorkmanship  if  concrete  is  to  "withstand  the  effects  of 
sea  ivater  Other  points  touched  on  are  the  need  of  correct  proportioning,  the  judicious  use 
of  "water-tight  forms,  and  efficient  supervision.  —  ED. 


The  character  of  the  workmanship  has  an  important  bearing  on  the  abihty  of 
concrete  to  resist  the  action  of  sea  water.  Only  contractors  of  experience, 
employing  competent  men,  should  be  entrusted  with  important  work  in  sea 
water,  where  the  difficulties  usually  encountered  cannot  be  overcome  by  any 
but  the  best  of  organisations  thoroughly  equipped  with  the  necessary  tools  and 
machiner}-.  Letting  of  work  to  the  lowest  bidder  usually  proves  a  costly  pro- 
cedure. 

EXTREME   CARE    NECESSARY   IX    BUILDIXG. 

No  matter  how  carefully  the  structure  is  designed,  careless  methods  used 
in  construction  will  cause  trouble.  Unfortunately,  imperfections  cannot  be 
detected  at  once,  and  frequently  patches  and  a  wash  of  cement  grout  over  the 
surface  hide  for  a  little  while  defects  which  ultimately  result  in  failure. 

But  the  defects  due  to  workmanshij)  cannot  always  be  attributed  to  careless- 
ness. Engineers  have  employed  methods  which  they  believed  would  produce 
superior  results  but  which  as  a  matter  of  fact  frequently  caused  failure.  The 
necessity  for  extra  care  in  building  concrete  structures  subjected  to  sea  water 
action  has  not  been  appreciated.  As  a  rule  engineers  have  followed  common 
practice  and  permitted  about  the  same  quality  of  work  in  their  sea  water  structures 
as  they  secure  for  those  on  land. 

This  must  be  changed  if  the  trouble  now  so  prevalent  with  concrete  in  sea 
water  is  to  be  overcome.  It  is  not  only  necessary  to  erect  better  concrete  struc- 
tures in  sea  water  than  on  land,  but  this  must  be  done  in  the  face  of  increased 
dil^culties.  Engineers  must  provide  more  rigid  and  intelligent  inspectors,  in 
whom  are  placed  implicit  confidence,  and  they  must  insist  upon  the  contractor 
following  instructions.  And  when  controversies  arise  the  engineer  must  support 
the  inspector — but  these  requirements  must  be  made  plain  in  the  specifications, 
so  that  misunderstandings  will  be  avoided  and  all  will  work  in  harmony,  for  only 
by  so  doing  will  the  best  results  be  secured. 

MIXOR    DEFECTS   CAUSE    TROUBLE. 

The  necessity  for  extreme  caution  in  every  detail  of  the  erection  of  a  concrete 
structure  in  sea  water  cannot  be  too  strongly  emphasised.     Even  what  would  be 
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considered  very  minor  defects  in  a  land  structure  must  be  avoided  in  sea  water 
work,  for  these  defects  are  points  of  weakness  whicli  are  readily  attacked,  and 
disintegration  once  started  spreads  to  adjoining  sections,  causing  failure. 

The  experience  gained  in  one  very  large  project  which  included  se\'eral 
thousand  pier  structures  is  interesting  in  this  connection,  as  it  shows  how  greatly 
the  quality  of  concrete  in  sea  water  can  be  improved  by  the  exercise  of  extreme 
care.  The  piers  were  built  in  forms  sealed  at  the  bottom  with  concrete  deposited 
through  a  tremie.  This  seal  acted  as  the  footing  for  the  piers,  and  after  it  had 
set  the  water  was  pumped  out  of  the  forms,  and  the  balance  of  the  pier  was  con- 
structed in  the  dry. 

In  the  first  work,  embracing  more  than  two  hundred  structures,  which  was 
done  in  accordance  with  usual  methods,  more  than  50  %  of  the  footings  were 
found  to  be  seriously  defective.  When  this  condition  was  discovered,  the  necessity 
of  using  far  more  care  was  seen,  and  a  marked  improvement  in  the  character  of  the 
workmanship  was  insisted  upon  for  the  next  several  hundred  structures.  The 
result  was  that  only  about  1%  of  these  piers  had  anj'  defects.  The  engineers  were 
not  yet  satisfied  and  insisted  upon  even  more  attention  to  details,  and  as  result 
the  last  several  hundred  piers  have  shown  practically  no  defects  whatever. 

According  to  the  reports  of  inspection,  the  defects  were  caused  b}-  improper 
use  of  the  tremie,  by  leakage  of  the  forms  at  the  bottom  edge,  by  lack  of  thorough- 
ness in  the  removal  of  sand  which  had  washed  into  the  forms  before  the  concrete 
was  deposited,  by  lack  of  care  in  thoroughly  cleaning  the  surface  of  the  old  con- 
crete when  re-sealing  was  necessary,  and  in  some  cases  by  the  breaking  of  corners 
in  the  removing  of  forms. 

The  defects  in  the  piers  have  been  repaired,  the  same  care  being  used  as  in 
the  recent  work,  and  now  they  are  all  in  good  condition. 

GENERAL   PRINCIPLES    TO    BE   FOLLOWED. 

The  methods  to  be  followed  in  sea  water  concrete  work  depend  in  certain 
details  upon  the  location  of  the  structure,  as  this  governs  the  rigour  of  the  cUmatic 
and  sea  action,  and  also  upon  the  particular  design  employed,  this  too  being 
governed  considerably  by  the  conditions  to  which  the  structure  will  be  subjected. 
Certain  general  principles  can  be  followed,  however. 

The  forms  should  always  be  made  tight,  so  that  leakage  of  the  concrete  \\ill 
be  prevented.  For  work  below  the  low- water  line  tliis  is  just  as  true  as  for  that 
above.  The  best  under-water  work  is  secured  by  erecting  a  cofferdam  and  building 
in  the  dry,  but  this  is  expensive  and  at  times  impossible.  When  the  bottom  of 
the  work  is  at  a  depth  below  water  which  prevents  its  being  seen  from  the  surface, 
the  services  of  a  diver  are  essential,  for  the  forms  must  be  carefully  exa.mined  to 
insure  their  tightness.  Leakage  is  most  Yik^\y  to  occur  around  the  bottom  edge 
of  the  forms  where  they  rest  on  the  ground.  In  such  cases  the  washing  of  the 
tide  carries  away  the  mortar  from  the  concrete,  leaving  honeycombed  sections 
which  are  readily  cut  away  as  soon  as  the  fo.ms  are  removed.  This  undermines 
the  supporting  parts  of  the  structure,  and  settlement  and  cracking  result.  A 
very  simple  and  effective  method  of  preventing  the  trouble  is  to  plug  the  crevices 
around  the  bottom  edge  of  the  forms  with  bags  filled  with  sand,  or,  better  still, 
bags  of  concrete. 
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A  popular  form  of  construction  where  lirnnoria  and  teredo  are  not  found  is 
that  of  wood  piles  cut  off  at  or  near  the  low-water  line  and  supporting  a  wood  plat- 
form on  which  rests  a  gravity-se  tion  concrete  wall.  Where  this  type  of  structure 
has  been  used  it  is  not  unusual  to  find  the  lower  outside  edge  disintegrated. 
This  is  due  largely  to  the  fact  that  the  joint  between  the  face  form  and  the  plat- 
form on  which  the  wall  rested  was  not  made  tight.  The  bottom  layer  of  concrete 
is  deposited  when  the  tide  drops  to  the  lowest  point.  This,  however,  is  fre- 
quently but  little  below  the  platform,  and  so  the  water  rises  to  that  elevation 
shortly  after  the  concrete  has  been  placed.  If  there  is  any  leakage  along  the 
bottom  edge  of  the  front  form  the  fresh,  soft  concrete  is  very  likely  to  have  the 
mortar  washed  from  it  along  this  section.  This  results  in  a  porous  mass  which  is 
readily  attacked. 

The  bottom  joint,  however,  is  not  the  only  one  which  should  be  tight.  They 
should  all  be  tight.  It  is  advisable  to  use  lumber  surfaced  on  the  edges  and  inside 
face  ;  and  in  some  in- 
stances where  the  wash 
of  water  is  severe,tongued 
and  grooved  material 
should  be  used.  Smooth- 
ness of  the  exposed  face 
of  the  concrete  assists 
materially  in  resisting 
sea  water  attack,  and  this 
cannot  be  secured  unless 
forms  are  carefully  made 
of  surfaced  lumber. 

If  the  forms  are 
oiled,  and  this  is  prefer- 
able, a  mineral  oil  should 
be  used.    Practically  any 

kind  of  mineral  oil  is  suitable,  and  cylinder  oil  has  been  much  emplo^^ed.  Two 
or  three  applications  of  kerosene  serve  better  than  cylinder  oil  in  preventing  the 
sticking  of  concrete,  and  this  has  the  added  advantage  of  not  staining. 

The  forms  for  the  concrete  wall  of  a  Canadian  wharf  were  coated  with  fish 
oil.  This  caused  a  soft,  pitted  and  chalky  surface  which  is  porous  and  easily 
abraded.  Very  soon  after  the  removal  of  the  forms  places  were  observed  where 
the  fish  oil  had  disintegrated  the  concrete.     See  Fig.  23. 

CORRECT  PROPORTION'S  IMPORTANl. 

After  the  materials  are  selected  the  concrete  must  be  proportioned  to  secure 
the  maximum  density.  Density  and  strength  are  closely  related  and  generally  the 
concrete  with  the  greatest  density  will  possess  the  most  strength — that  is,  when 
made  from  given  ingredients. 

Proportioning  by  means  of  void  measurement  is  not  satisfactory,  nor  is  a 
mixture  based  upon  granulometric  measurement.  The  best  method  of  arriving  at 
the  proper  proportions  is  actually  to  mix  the  cement,  sand,  and  stone  together 
with  the  amount  of  water  to  be  used  and  by  trial  determim-  which  mixture  produces 
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the  minimum  resulting  volume  from  given  amounts  of  the  ingredients,  measured 
separately.  This  subject  is  discussed  at  length  in  Technologic  Paper  58  of  the 
Bureau  of  Standards,  and  in  many  other  technical  articles. 

The  stronger  and  tougher  the  concrete  the  less  likely  it  is  to  be  chipped  and 
abraded,  with  the  consequent  exposure  of  the  interior  of  the  mass  to  chemical 
attack.  The  denser  and  more  compact  the  concrete  the  less  will  be  the  absorption 
of  moisture,  and  with  the  diminishing  of  the  absorption  the  possibility  of  initial 
disintegration  from  frost  action  will  be  materially  lessened.  The  present  almost 
universal  method  of  arbitrarily  specifying  the  proportions  of  the  concrete  is  not 
scientific  and  in  most  cases  does  not  produce  the  best  grade  of  concrete  from  given 
ingredients.  Far  more  care  than  has  previously  been  used  must  be  exercised 
in  determining  the  best  proportions,  and  then  there  must  be  insistence  that  the 
proportions  determined  upon  are  rigidly  adhered  to  by  the  contractor. 

Generally  it  is  advisable  to  use  richer  mixtures  than  would  be  used  for  similar 
structures  on  land.  The  sand  or  stone  will  vary  somewhat,  even  though  it  comes 
from  the  same  source,  and  so  it  may  be  necessary  to  vary  slightly  the  proportions 
as  the  work  proceeds.  In  order  to  secure  continuously  the  best  grade  of  concrete 
the  engineer  should  make  tests  at  frequent  intervals,  not  only  of  the  ingredients 
of  the  concrete,  but  also  of  the  concrete  itself  as  mixed  bv  the  contractor. 

A  city  on  the  Pacific  coast  whicli  has  been  spending  millions  of  dollars  in 
improving  its  harbour  facilities  and  building  large  concrete  docks  maintains  a  well 
equipped  laboratory  exclusively  for  this  work.  Here  tests  are  made  daily  to 
determine  the  quality  of  concrete  the  contractors  are  producing  and  also  to  keep 
a  constant  check  upon  the  aggregates  being  supplied.  In  this  laboratory  the 
proportions  for  the  concrete  are  determined,  and  as  it  becomes  necessar}^  these  are 
varied  from  time  to  time.  The  inspectors  on  the  work  are  given  power  to  insist 
that  these  directions  be  explicitly  followed. 

The  amount  of  water  used  in  mixing  is  of  even  greater  importance,  perhaps, 
than  the  proportioning  of  the  concrete.  This  is  particularly  true  for  sea  water 
work.  If  too  little  water  is  used  the  concrete  is  porous  and  the  surface  lacks 
smoothness  and  density  ;  if  too  much  is  used  the  concrete  is  also  porous  and  the 
surface  chalky  and  weak.  The  proper  consistency  is  one  just  dry  enough  to  permit 
of  light  tamping,  but  not  so  dry  as  to  require  any  effort  to  bring  water  to  the 
surface.  This  is  hardly  wet  enough  to  use  for  reinforced  work,  and  for  this  class 
of  construction  a  little  wetter  consistency  must  be  used  ;  but  a  very  slight  addition 
in  the  amount  of  water  used  in  the  mixing  will  produce  a  marked  effect.  The 
influence  upon  the  strength  and  porosity  of  the  concrete  exerted  by  varying  the 
amounts  of  water  used  in  mixing  has  been  emphatically  demonstrated  in  recent 
publications.  The  use  of  excess  water  may  decrease  the  strength  50^0  and 
greatly  increase  the  porosity  and  friability. 

The  effect  of  the  consistency  employed  on  the  ability  of  the  concrete  to  resist 
sea  water  action  was  forcibly  emphasised  in  many  instances  during  the  examina- 
tion made  by  the  writers. 

There  is  a  pier  on  the  New  England  coast  which  illustrates  this  excellently. 
This  pier  was  built  under  two  contracts,  the  outboard  section  being  completed 
first,  after  which  the  inboard  section  was  begun  by  another  contractor.     The 
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designs  for  both  sections  were  exactly  the  same  and  the  ingredients  used  in  th„ 
concrete  were  tdentical.  There  is  practically  no  difference  in  the  fx^s't 
condmon.     The  outboard  section  was  constructed  under  the  direction  "T/l 
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engineer  who  believed  thoroughly  in  dry  concrete,  as  did  most  engineers  at  that 
time.  Even  before  this  section  was  completed  there  were  evidences  of  disintegra- 
tion in  some  parts  of  the  work  as  shown  in  one  view  in  Fig.  24.  The  condition  of 
the  same  wall  eight  years  later  is  shown  in  another. 

About  the  time  the  inboard  section  was  started  another  engineer  was  put  in 
charge  of  the  work.  He  decided  to  allow  a  little  more  water  to  be  used,  though 
not  so  much  that  tamping  could  be  dispensed  with.  The  inspectors  stated,  how- 
ever, that  very  little  tamping  was  sufficient  to  settle  the  concrete  into  the  forms. 
The  conditions  of  exposure  to  which  this  pier  is  subjected  are  severe,  but  in  spite 
of  the  fact  that  there  is  no  adequate  fender  system,  the  inboard  section  is  in 
excellent  condition  after  fifteen  years  of  use,  while  the  outboard  end  continued  to 
disintegrate  to  such  an  extent  that  about  five  years  ago  extensive  repairs  became 
necessary  to  prevent  collapse  of  parts  of  the  structure.  When  these  repairs  were 
made  the  wets  were  in  power  and  a  sloppy  consistency  was  considered  the  proper 
thing  for  all  concrete  work.  The  engineer  in  charge  of  the  repahs  used  a  very  wet 
mixture,  partly  on  account  of  the  fact  that  the  work  was  reinforced.  This  con- 
crete has  also  disintegrated  to  a  considerable  extent,  and  is  at  present  in  much 
worse  condition  than  the  inboard  section  of  the  pier,  on  which  no  repairs  what- 
ever were  made. 

Here  we  have  three  specimens  of  concrete  of  similar  ingredients,  exposed  to 
the  same  conditions,  the  only  variable  being  the  amount  of  water  used  in  mixing. 
The  very  dry  and  the  very  wet  concrete  have  been  decidedly  unsatisfactory.  That 
of  a  medium  consistency  has  successfully  resisted  disintegration  under  very  severe 
exposure. 

In  another  harbour  along  the  North  Atlantic  coast  are  several  miles  of  con- 
crete quay  walls,  built  during  the  past  twenty  years.  Some  of  them  were  erected 
while  engineering  practice  dictated  that  a  minimum  amount  of  water  should  be 
used  in  mixing  the  concrete  ;  some  were  built  during  the  transition  period  when  the 
amount  of  water  \\as  being  increased,  and  those  constructed  since  about  1905, 
especially  those  built  recently,  were  of  a  much  wetter  consistency.  All  of  these 
walls  are  of  the  same  design  and  materials  of  the  same  quality  were  used  throughout 
the  work.  The  exposure  conditions  are  practically  the  same  in  all  parts  of  the 
harbour.  All  of  the  walls  built  prior  to  1900,  when  dry  mixed  concrete  was  used, 
have  disintegrated  to  such  an  extent  that  they  have  had  to  be  frequently  repaired 
and  several  sections  entirely  rebuilt.  Those  erected  since  1905  of  wet  concrete 
mth  few  exceptions  have  also  been  replaced  on  account  of  deterioration,  or  have 
needed  a  considerable  amount  of  maintenance,  but  those  built  between  1900  and 
1905,  or  during  the  time  the  concrete  was  made  of  a  medium  consistency,  have 
needed  no  repairs  at  all  and  are  found  to  be  in  excellent  condition  at  present. 

It  is  evident  that  the  amount  of  water  used  in  mixing  concrete  exposed  to  sea 
water  action  has  a  most  important  bearing  upon  the  durability  of  the  structure. 
Either  too  dry  or  too  wet  a  consistency  will  cause  failure.  A  medium  consistency 
must  be  used  if  permanency  is  to  be  secured  under  severe  exposure  conditions. 

The  effect  of  thoroughness  of  mixing  upon  the  quality  of  the  concrete  warrants 
more  consideration  by  engineers,  especiall3'  those  engaged  in  designing  sea  water 
structures.     Any  expedient  which  makes  for  better  concrete  should  be  seized  upon, 
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for  only  the  very  best  material  can  successfully  resist  the  rigorous  conditions  to 
which  structures  in  sea  water  are  exposed.  Up  to  a  certain  point  there  is  a  rapid 
and  consistent  increase  in  the  strength  of  concrete  with  the  thoroughness  of  mix 
ing.  The  amount  required  to  give  the  best  results  is  dependent  upon  the  con- 
ditions, such  as  type  of  mixer,  proportions,  consistency  and  character  of  materials. 
Perhaps  this  phase  of  the  subject  wih  be  made  more  impressive  if  put  in  this 
way.  A  better  quality  of  concrete  at  less  cost  can  be  secured  by  omitting  a 
considerable  part  of  the  cement  and  increasing  the  thoroughness  of  mixing. 

CONXRETE    MUST    BE    PROPERLY   PLACED. 

Alter  the  concrete  is  mixed  comes  the  placing  it  in  the  forms.  In  this, 
especially,  more  difficulties  are  encountered  in  sea  w^ater  work  than  in  land 
structures,  and  yet  only  the  best  quality  of  work  will  be  permanent. 

Unless  a  cofferdam  is  built  and  the  concrete  placed  in  the  dry,  either  a  tremie 
or  a  bottom-dump  bucket  is  used.  Both  methods  have  proved  successful,  although 
the  tremie  is  preferable  if  correctly  operated.  This,  however,  is  far  from  a  simple 
thing  to  do.  Contrary  to  the  supposition  of  many  engineers,  the  concrete  cannot 
be  forced  up  above  the  bottom  edge  of  the  tremie  for  more  than  a  few  inches,  even 
when  the  pipe  is  long  and  kept  full.  In  order  to  start  the  flow  the  bottom  of  the 
tremie  must  be  raised  slightly  so  that  the  lateral  movement  of  the  concrete 
restrained  b\^  friction  is  permitted.  As  soon  as  the  concrete  starts  to  move  it 
tends  to  discharge  rapidly,  owing  to  the  combined  hydrostatic  and  velocity'  head, 
and  this  frequently  results  in  the  loss  of  the  charge — for  a  very  nice  balance  must 
be  maintained  in  order  to  control  the  rapidity  with  which  the  concrete  leaves  the 
pipe. 

Of  course  a  tremie  should  always  be  plugged  when  first  charged  ;  otherwise 
a  layer  of  separated  stone,  sand  and  cement  mixed  with  a  laitancc  will  be  deposited 
in  the  bottom  of  the  forms,  or  a  seam  of  such  m.aterial  made  in  the  structure. 

The  bottom-dump  bucket  method  possesses  the  disadvantage  of  permitting 
at  least  a  slight  settlement  of  the  concrete  through  water  and  the  precipitation  of 
a  small  amount  of  magnesia  on  the  surface  of  each  batch.  This  will  cause  some 
laitance  to  permeate  the  mass,  and  may  also  cause  some  segregation.  As  with  the 
tremie,  successful  results  can  be  obtained  onl}'  b^^  the  exercise  of  extreme  care. 

If  the  work  below  the  low-water  line  is  carried  on  intermittently  trouble 
may  occur  unless  particular  precautions  are  observed  thoroughly  to  clean  the 
surface  of  the  concrete  previously  deposited  before  the  placing  of  concrete  is 
resumed.  This  is  what  happened  in  a  large  pivot  pier  along  the  middle  Atlantic 
coast.  The  depth  of  water  in  which  the  pier  was  built  is  about  45  ft.,  and  the  pier 
is  18  ft.  in  diameter. 

It  was  intended  to  construct  a  cofferdam  and  place  the  concrete  in  the  dry. 
Leakage  through  the  bottom  and  sides  caused  this  plan  to  be  abandoned,  and  the 
concrete  was  deposited  in  the  water  by  means  of  bottom-dump  bi  ckets.  The 
work  was  carried  on  only  during  the  daytime.  Upon  resumption  of  concreting  in 
the  morning  no  care  was  taken  to  clean  off  the  surface  of  the  concrete  placed 
the  day  before  ;  in  fact,  the  necessity  for  this  was  not  even  thought  of.  Of 
course  the  water  covered  it,  and  it  was  taken  for  granted  a  good  joint  would 
be  secured  between  the  days'  work. 
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The  cofferdam  was  left  in  place  and  it  was  not  until  a  number  of  years  after 
^he  work  was  completed  that  any  apprehension  was  felt  by  the  engineers  as  to  the 
-stability  of  the  structure.  By  that  time  the  planking  of  the  cofferdam  had  rotted 
and  enough  of  the  boards  had  fallen  awa}^  to  expose  a  considerable  section  of  the 
concrete.  Only  the  part  between  high  and  low  water  could  be  seen.  Here,  how- 
ever, the  concrete  had  the  appearance  of  a  layer  cake,  with  the  soft  material 
between  the  layers  cut  out  to  a  considerable  depth. 

In  order  to  determine  the  real  condition  vertical  holes  were  drilled  through 
a  considerable  depth  of  the  pier.  For  about  6  in.  the  drilling  was  hard,  then  a  soft 
section  was  struck,  then  a  foot  or  so  of  hard  material,  then  another  layer  of  soft, 
and  this  continued  to  the  bottom  of  the  drilling.  The  soft  sections  were  of  varying 
thicknesses,  some  being  as  much  as  24  in.,  while  others  were  only  about  6  in.  thick. 
It  was  quite  evident  that  these  layers  were  formed  between  successive  days'  work. 
This  pier  is  now  in  a  serious  condition  and  means  will  have  to  be  taken  soon  to 
prevent  failure. 

A  somewhat  similar  cause  is  responsible  for  a  peculiar  condition  discovered 
in  the  supporting  columns  of  a  pleasure  pier.  In  this  case  i8-in.  riveted  steel  shells 
used  as  forms  were  sunk  to  the  required  depth,  and  the  sand  was  pumped  out. 
Water  leaked  in  through  the  bottom,  partly  filling  the  shells,  and  concrete  was 
deposited  through  this  water.  Here,  however,  the  work  was  carried  on  con- 
tinuously until  the  concrete  was  brought  up  to  the  elevation  of  high  water — the 
shells  being  of  sufficient  length  to  reach  to  the  deck.  After  the  concrete  reached 
the  high-water  line  the  forms  for  the  beams  and  deck  were  built  and  concreting 
continued.  As  the  deck  was  about  15  ft.  above  high  water  the  supporting  columns 
had  to  be  extended  this  much. 

No  effort  was  made  to  clean  off  the  surface  of  the  concrete  previously  placed  in 
the  shells  before  the  upper  section  was  deposited.  After  the  pier  had  gone  through 
the  winter  an  interesting  condition  was  discovered  in  the  supporting  columns.  It 
appeared  as  though  the  rivets  in  each  shell  for  a  distance  of  from  i  to  2  ft.  near  the 
elevation  of  high  water  had  been  cut  out  and  the  shell  pried  open  at  the  joint. 
Some  of  these  shells  are  shown  in  Fig.  25.  This  exhibited  a  cavity  in  the  column 
uhich  in  some  cases  was  as  large  as  a  man's  head.     Instead  of  concrete  a  soft 
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chalky  material  was  found.  Tins  had  come  to  the  surface  as  the  shells  were  being 
filled  to  high  water,  and  then  it  was  covered  when  the  filling  of  the  section  above 
the  high-water  line  was  completed.  During  the  winter  the  moisture  in  tliis  soft 
layer  had  frozen  and  burst  the  shells,  and  as  soon  as  the  steel  protection  was 
removed  the  waves  washed  out  the  soft  material.  Since  then  chemical  disinte- 
gration of  the  concrete  has  progres'^ed  until  many  of  the  columns  have  failed 
completely  and  have  had  to  he  removed. 

CONSTRUCTION    SEAMS    MUST    BE    PREVENTED. 

For  the  work  above  the  low-water  line  every  precaution  should  be  taken  to 
prevent  the  formation  of  construction  seams  of  laitance.  If  the  tide  rises  and 
covers  the  section  before  completion  of  the  work  the  surface  of  the  concrete 
should  be  thoroughly  cleaned  by  scrubbing  with  a  stiff  broom  and  washing  with 
a  hose  before  resumption  of  concreting. 

In  a  harbour  on  the  Pacific  coast  was  found  an  interesting  illustration  of  the 
value  of  extra  precautions  in  this  respect.  Here  there  are  a  number  of  concrete 
sea  walls  built  at  different  times  but  of  similar  design  and  materials.  Although 
the  specifications  called  for  thorough  cleaning  of  the  surface  of  the  concrete  at 
construction  joints,  it  was  evident  this  was  frequently  not  as  carefully  attended 
to  as  it  might  have  been,  for  thin  liorizontal  seams  could  be  seen.  (This  is  a 
criticism  which  applies  to  most  of  the  concrete  sea  water  structures  along  our 
coasts,  for  almost  always  the  place  where  work  was  stopped  due  to  the  rising 
tide  is  conspicuous.)  In  one  section  of  the  walls  just  referred  to,  however, 
no  construction  seams  could  bo  found.  The  inspector  who  had  been  in  charge 
during  construction  explained  the  reason  for  this.  The  contractor  had  covered 
the  concrete  with  a  canvas  held  in  place  \\ith  heavy  weights  whenever  he  had  to 
stop  concreting,  so  that  a  clean  surface  was  found  when  the  tide  receded. 

The  simplest  way  to  prevent  disintegration  at  construction  seams  is  not  to 
have  any  such  seams.  If  the  work  is  done  in  short  sections  bulkheaded  between 
the  forms  the  concrete  can  be  brought  up  faster  than  the  tide  rises. 

While  the  concrete  is  being  deposited  it  should  be  compacted  so  that  the 
densest  condition  possible  wall  be  secured.  If  the  proper  consistency  is  used  it  will 
permit  of  light  tamping,  and  under  this  treatment  the  concrete  will  quake  and 
settle  into  a  very  compact  mass,  free  from  pockets  and  void  spaces.  The  concrete 
next  to  the  forms  should  be  spaded  so  that  a  dense  smooth  surface  will  be  secured, 
such  a  surface  when  exposed  offering  the  greatest  protection  against  the  disinte- 
grating action  of  the  sea  water.  If  it  is  firm,  strong  and  tough,  chipping  and 
abrasion  will  be  greatly  lessened  and  the  possibility  of  deterioration  of  the  structure 
decreased. 

Under  many  conditions  a  mortar  face  richer  than  the  body  of  the  structure 
will  prove  economical  ;  and  where  local  materials  are  not  of  the  highest  quality  this 
mortar  surfacing  can  be  made  of  imported  aggregate  of  good  quality,  wliicli  if 
properly  apphed  will  protect  the  interior  concrete  made  of  poorer  material. 

It  is  impossible  to  apply  a  mortar  coating  to  concrete  after  the  forms  are 
removed  and  have  it  adhere  to  that  part  of  the  structure  below  the  high-water  line, 
and  it  is  between  the  elevations  of  high  and  low  water  that  it  is  needed  far  more 
than  anywhere  else. 
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Many  structures  may  be  most  economically  built  by  using  precast  members. 
The  concrete  can  be  prepared  and  placed  under  far  less  difficulties;  and  it  can  be 
allowed  to  harden  and  cure  thoroughly  before  being  acted  upon  by  sea  water.  But 
in  precast  work  as  well  as  work  deposited  in  place,  porous  concrete,  rough  surfaces, 
leaky  forms,  and  seams  and  joints  will  cause  deterioration. 

The  practice  of  making  precast  piles  of  such  length  that  a  joint  must  be 
made  between  the  elevation  of  high  and  low  water,  as  sht)wn  in  Fig.  26,  should  be 
discontinued.  Often  precast  piles  are  found  to  be  too  short  and  have  to  be  ex- 
tended after  they  are  driven.  It  is  almost  impossible  by  present  methods  to 
make  a  satisfactory-  joint  between  the  elevation  of  high  and  low  water.  However, 
if  a  joint  must  be  made  at  this  elevation  the  utmost  care  must  be  exercised  to 
clean  the  top  of  the  pile  befoie  the  concrete  for  the  extension  is  deposited,  and  no 
leakage  of  the  forms  can  be  permitted  if  disintegration  is  to  be  prevented.  The 
numerous  structures  which  are  showing  signs  of  trouble  at  these  construction 
joints  give  evidence  that  the  need  for  the  utmost  care  w^as  not  appreciated. 

Deterioration  of  concrete  structures  in  sea  water  is  progressing  in  many 
places  along  all  our  sea.  coasts.  When  within  a  few  years,  or  even  months,  a 
concrete  structure  costing  hundreds  of  thousands  of  dollars  shows  marked  signs  of 
disintegration  just  because  the  necessary  care  was  not  exercised  in  its  construction, 
it  is  time  to  sound  a  note  of  warning.  Concrete  can  be  used  successfully  in  sea 
water,  but  the  price  of  success  is  eternal  care. 


Fig.  26.     Leaving  a  Joint  such  as  to  ie  made  cn  pile  in  centre  of 
view  makes  weak  section. 
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CONCRETE   SHIPBUILDING 
IN  FRANCE. 


TUG^BOATS. 


For  the  folloiuing  particulars  and  illustrations  it'e  are  indebted  to  Le  Genie  Ci'uil,  Paris.— EV. 


One  of  the  commonest  objections  to  concrete  barges  is  the  allegation  that  if 
the  shells  are  made  reasonably  strong  they  must  be  thick  and  Iieavv  so  that 
the  proportion  of  dead — to  live — load  is  unduly  increased.  Experience  shows 
that  this  objection  ha?  been  seriously  exaggerated,  and  that  in  most  cases  it  is 
based  upon  insufficient  knowledge.  In  any  case,  it  cannot  apply  to  nearly  so 
great  an  extent  in  the  boats  used  for  towing  a  series  of  barges,  as  such  tug-boats 
do  not  carry  any  load  other  than  their  own  engines,  crew  and  a  few  spare  stores. 


Fig.  1.     View  of  completed  TuH- Boat. 

CONCRKTK  TlG-B<iATS  IN   Fr.^NCK. 

On  the  other  hand,  tug-boats  are  much  more  liable  to  collisions  with  piers,  pillars 
of  bridges  and  other  obstacles,  and  they  must  therefore  be  designed  so  as  to 
offer  the  maximum  of  resistance.  Remforced  concrete  offers  exceptional  advan- 
tages for  this  purpose,  and  as  the  amount  of  \'ibratiun  transmitted  from  the 
engines  and  propeller  to  the  vessel  is  inversely  proportional  to  the  inertia  of  the 
mass  of  the  latter,  it  will  be  seen  that  the  use  of  concrete  for  towing  boats  is 
especially  worth  attention. 
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A  considerable  number  of  towing  boats  is  at  present  under  construction 
in  France,  and  the  Societe  Pelnard-Considere,  Caquot  et  Cie  has  already  built 
fifty  of  these  vessels,  each  of  300  h.p.,  on  the  banks  of  the  Seine,  near  Paris,  to 
the  order  of  the  ^Minister  of  Public  Works.  These  boats  are  built  in  accordance 
with  the  regulations  of  the  Bureau  Veritas  (the  French  equivalent  of  Lloyd's 
Registry)  so  as  to  be  amply  strong  enough  for  river  transport,  with  occasional 
short  sea  voyages.  They  are  83  ft.  Ic^ng  with  17  ft.  beam  and  7  ft.  deep,  with  a 
total  weight  (for  the  hull  alonei  of  68-75  tons  and  a  displacement  of  125  tons. 


They  are  designed  so  as  to  present  a  low  resistance  to  the  water,  and  their 
Imes  have  been  studied  with  special  care,  whereas  in  a  barge  this  i)r<)perty  is 
largelv  sacrificed  in  order  to  secure  a  large  carrying  power. 

The  interior  is  divided  into  six  compartments— one  for  ballast,  and  u-;ually 
containing  the  well  f.)r  tlie  chains,  a  second  for  stores,  a  third  for  fuel,  a  fourth 
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for  the  engine  or  motor,  a  fifth  for  the  crew,  and  the  remaining  compartment 
for  ballast. 

The  hull  has  a  series  of  ribs  each  14  in.  by  3^  in.  spaced  2  ft.  2  in.  apart, 
surmounted  by  a  rim  2^  in.  deep,  the  whole  being  stiffened  horizontally  by  a 
series  of  slabs  placed  at  different  levels  according  to  the  position  of  the  com- 
partment in  which  they  occur. 

The  deck  has  a  tliickness  of  2|  in.  at  prow  and  stern,  3^-  in.  near  the  centre 
of  the  vessel,  and  2  in.  along  the  sides  ;  it  is  supported  by  ribs  10  in.  high  which 
fit  the  vertical  ribs  previously  mentioned.  In  the  deck  are  four  openings 
measuring  respectively  5  ft.  8  in.  by  8  ft.  4  in.,  6  ft.  3  in.  by  9  ft.  10  in.,  16  ft. 
8  in.  by  9  ft.  10  in.,  and  19  ft.  by  9  ft.  6  in. 


'Fig.  4.     Part  of  Interior  showing  ribs. 
Concrete  Tug-Boats  in  Franxe. 

The  keel  is  of  concrete  with  a  steel  casing.  The  stern  is  reduced  to  a  simple 
support  for  the  rudder  and  the  propeller. 

The  concrete  contains  45  to  50  lb.  of  cement  per  cu.  ft.  The  estimated 
crushing  strength  is  800  lb.  per  sq.  in.,  and  the  shearing  stress  80  lb.  per  sq.  in. 

The  mild  steel  used  for  the  reinforcement  has  a  tensile  strength  of  60  tons 
per  sq.  in.,  and  a  shearing  stress  of  48  tons  per  sq.  in.  The  reinforcement  is 
arranged  in  accordance  with  the  system  usually  employed  by  M.  Considere, 
stirrups  being  placed  wherever  the  shearing  stress  is  likely  to  exceed  70  lb.  per 
sq.  in.  The  engine  beds  and  other  foundations  for  the  machinery  were  made 
at  the  same  time  as  the  corresponding  portions  of  the  vessel. 

These  vessels  have  been  designed  to  withstand  an  external  pressure  of  500  lb. 
per  sq.  ft.  at  the  rim  without  any  allowance  for  their  weight.  A  similar  allowance 
is  made  for  the  body  of  the  vessel.  The  dock  is  designed  to  carry  a  load  of 
200  lb.  per  sq.  ft.     In  accordance  with  naval  regulations,  the  vessel  is  calculated 

to  withstand  a  longitudinal  moment  o.t  flexion  of  —  where  i  is  the  length  between 
perpendiculars  and  P  its  total  weight.  ^^ 
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A  wooden  fender  6  in.  by  6  in.  surrounds  the  vessel  at  deck  level.  It  is 
attached  in  such  a  manner  that  if  interchecked  with  any  obstacle  and  sub- 
jected to  great  tension  it  will  break  away  without  damaging  the  vessel. 

The  builders  are  willing  to  undertake  contracts  to  deliver  ten  of  these  boats 
per  month,  the  first  delivery  to  take  place  not  more  than  three  months  after 
the  receipt  of  order.  The\'  have  hitherto  been  able  to  fulfil  such  engagements 
without  difftcuitv. 


Fig.  5.     Lowering:  the  Ijoat  into  the  water. 

CONCRF.TE  TlG-BoATS  IN   FraNCK. 

The  vessels  being  built  on  the  banks  of  the  Seine  it  is  necessary  to  launch 
them  with  no  disturbance  to  other  traffic  on  the  river.  This  is  satisfactorilv 
effected  by  means  of  a  double  crane,  mounted  on  a  single  carriage,  which  travels 
on  a  track  parallel  to  the  river,  and  then  runs  to  the  water's  edge  on  a  short 
piece  of  track  at  right  angles  to  the  main  one.  The  vessel  is  lifted  bodily  by 
means  of  movable  stirrups  attached  to  the  arms  of  the  cranes,  and  lowered 
gently  into  the  water,  its  weight  being  counterbalanced  by  a  large  concrete  bo.x 
filled  with  gravel  which  is  placed  on  the  opposite  side  of  the  carriage. 

The  boats  are  fitted  with  two  Diesel  engines  (aeroplane  tvpoV  each  of  150 
h.p.,  or  with  a  single  engine  of  300  h.p. 
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It  is  our  intention  to  publish  the  Papers  and  Discussions  presented  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
in  such  a  manner  as  to  be  easily  avail-able  for  reference  purposes. — ED. 
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SOME    PROBLEMS    IN    DEVISING    A    NEW    FINISH 

FOR   CONCRETE. 

By  JOHN    J.    EARLEY.* 

Reinforced  concrete  has  long  been  justified  structurally,  but  its  appearance  leaves 
much  to  be  desired.  In  realisation  of  its  shortcomings  in  this  respect,  and  in  con- 
sideration of  the  importance  of  a  work  that  would  give  to  concrete  an  appearance 
cominensurate  with  its  structural  value,  an  effort  was  made  to  acquire  an  intimate 
knowledge  of  what  had  been  done  towards  this  end.  The  search  was  discouraging 
and  on  the  whole  without  profit.  No  technique,  applicable  to  the  jobs  under  con- 
sideration, had  been  developed  in  the  surface  treatment  of  concrete.  The  evidence 
showed  that  appearance  had  been  an  afterthought,  a  secondary  matter,  a  desirable 
but  rather  impossible  thing  which  should  receive  all  the  consideration  possible  after  the 
structural  problems  had  been  solved. 

An  analysis  of  the  problem  of  appearance  indicates  three  principal  factors,  namelv, 
form,  colour,  and  texture,  all  of  which  must  be  developed  before  reinforced  concrete 
can  be  accepted  by  architects  as  a  fitting  medium  for  the  expression  of  academic 
design.  The  degree  in  which  reinforced  concrete  meets  these  three  requirements  is  the 
measure  of  its  liberation  from  its  present  restricted  use.  I  hope  that  the  time  is  not 
far  distant  when  this  view  \\i\\  be  justified,  when  trained  men  will  be  meeting  every 
requirement  in  form,  colour,  and  texture  that  architects  may  impose  :  in  other  words, 
I  hope  to  see  the  day  when  a  rendered  drawing  will  supplement  the  specifications  for 
every  reinforced  concrete  strv:cture,  and  the  structure  will  be  a  faithful  expression  of 
design. 

About  two  years  ago  the  United  States,  through  the  Office  of  Public  Buildings 
and  Grounds,  built  a  retaining  wall  on  the  west  side  of  Meridian  Hill  Park,  ^^'ashington, 
D.  C.  This  park  is  to  be  a  beautiful  and  formal  garden  on  the  hill  which  marks  the 
meridian  of  Washington,  D.  C.  The  original  plans  called  for  a  reinforced  concrete 
wall  with  a  stucco  finish,  and  certain  decorative  features  which  were  to  be  cast  in 
cement  mortar  and  set  in  place.  Extensive  studies  were  made,  including  samples 
and  full-size  sections.  Finally  a  unit  of  the  wall  was  built  in  place,  in  concrete, 
complete  in  every  detail  excepting  reinforcement.  The  result  was  a  plastered  wall, 
nothing  more.  The  construction  might  just  as  well  have  been  of  brick,  terra  cotta, 
or  metal  lath  on  channel  studs  so  far  as  the  appearance  revealed.  The  wall  was  without 
scale.  It  did  not  give  the  appearance  of  strength  and  size  equal  to  its  task  as  a 
retaining  wall.  The  colour  was  unsatisfactory.  It  was  the  cold  grey  cement  colour 
that  has  always  been  so  objectionable.  Every  particle  of  sand  was  coated  with  cement 
and  had  no  colour  value  of  its  own. 


*  Architectural  Sculptor,  Washington,  D.  C. 
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An  effort  was  made  to  relieve  the  monotony  of  appearance  by  finishing  various 
details  in  different  texture.  The  piers  were  built  of  rusticated  blocks  the  surface  of 
which  was  grooved  vertically  with  straight,  symmetrical,  V-shaped  grooves  about  f  in. 
on  centres  and  J  in.  deep.  The  coping  and  border  of  the  wall  panels  were  sand  iioated. 
The  panels  themselves  were  pebble  dash  in  which  the  pebbles  were  as  nearly  as  possible 
one  size,  having  passed  a  j-in.  screen  and  having  been  retained  on  a  ^-in.  screen. 

At  this  point  it  was  decided  to  set  aside  the  methods  of  finishing  employed  in 
the  studies  and  full-size  model  and  to  use  others  that  would  be  more  characteristic  of 
the  wall  construction.  It  was  then  suggested  that  the  forms  be  removed  while  the 
concrete  was  yet  green  and  the  surfaces  brushed  with  steel  brushes  until  the  aggregate 
was  exposed.  Permit  me  to  emphasise  in  an  especial  manner  that  it  was  this  decision 
to  employ  finishes  characteristic  of  the  nature  of  reinforced  concrete  that  gave  the 
interest  to  succeeding  studies  and  resulted  in  the  development  of  surface  treatments  as 
applied  at  Meridian  Hill  Park. 

This  method  of  treating  the  surfaces  at  once  supplied  the  sense  of  strength  and 
size  that  was  lacking  before.  The  wall  was  no  longer  a  plastered  one,  but  was  reinforced 
concrete  and  nothing  else,  and  it  seemed  big  and  strong  enough  to  suit  all  the  demands 
that  would  be  made  upon  it. 

A  change  took  place  in  the  colour.  The  surface,  which  had  been  wholly  of  a 
cement  grey,  was  broken  in  frequent  spots  by  clean  pebbles  in  their  natural  colour  which 
varied  from  white,  to  yellow,  to  light  brown.  The  pebbles  in  a  pile  would  be  yellow. 
These  spots  relieved  the  grey  of  the  cement  to  such  an  extent  that  they  imparted  to  the 
whole  structure  a  cream  colour  which  was  a  great  improvement  and  a  decided  step 
forward. 

The  exposed  pebble  texture  was  used  on  the  wall  panels,  the  face  of  coping,  and 
the  rusticated  blocks  of  the  piers.  The  borders  around  the  wall  panels,  and  rusticated 
grooves  on  the  piers  were  finished  differently.  The  forms  were  tooth-chiselled  and 
the  latter  were  left  imtouched.  The  reason  this  was  done  was  to  accent  the  drawing. 
It  was  feared  that  if  the  same  texture  that  was  used  on  the  panels  were  used  every- 
where, the  structure  would  have  too  rough  an  appearance  and  the  drawing  would 
be  lost. 

The  forms  for  the  piers  were  plaster,  shellacked  on  the  inside  to  make  them 
waterproof,  and  so  made  that  they  would  fit  inside  rough  wooden  forms  which  were 
depended  upon  to  support  the  concrete.  The  forms  for  the  panels  were  constructed 
of  dressed  lumber  and  followed  general  practice.  Separate  strips,  channelled  out 
on  the  back,  were  used  to  form  the  drip  imder  the  coping  and  the  groove  around  the 
large  panels.  These  strips  were  so  arranged  that  they  remained  in  place  when  the 
forms  were  removed  and  the  shrinkage  of  the  wood  in  drying  was  depended  upon  to 
release  them. 

A  pier  and  a  panel  composed  one  unit  and  every  other  one  was  poured,  then  the 
ends  were  coated  with  five-ply  felt  and  tar  to  form  an  expansion  joint.  This  method 
was  followed  in  order  to  give  the  first  panels  time  to  harden  so  that  there  would  be 
less  danger  of  breaking  them  when  working  on  the  adjoining  panels. 

The  concrete  mix  was  1:2:4.  The  cement  was  a  standard  brand  }:)assing  the 
tests  of  the  Bureau  of  Standards,  the  sand  was  fairly  clean  river  sand  of  the  size  known 
as  concrete  or  torpedo  sand,  namely,  everything  that  passed  the  ^-in.  screen  on  the 
dredge.  The  pebbles  were  of  good  quality,  hard  and  reasonably  uniform  ;  the  largest 
passed  a  i;l-in.  mesh  and  were  retained  on  a  -j-in.  mesh  ;  however,  the  great  bulk  were, 
in  size,  such  as  would  pass  a  J -in-  mesh.  This  concrete  was  poured  into  the  moulds  and 
its  consistency  was  soft,  so  soft  that  it  would  flow  readily. 

After  24  or  48  hours,  according  to  the  condition  of  the  cast,  the  forms  were 
removed  and  the  surfaces  scrubbed  with  a  steel  brush  until  the  aggregate  was  exposed 
as  evenly  as  possible.  The  entire  unit  was  then  thoroughly  waslied  with  water  from 
a  hose.  The  seasoning  was  carefully  watched  and  frequent  wettings  were  used  to 
prevent  too  rapid  drying. 

The  cast  cement  trimnTings  were  what  is  known  as  dry  pressed  castings,  tliat  is, 
one  part  of  cement  and  1.^  parts  of  coarse  sand  are  moistened  so  that  the  material 
will  hold  its  shape  when  pressed  together  but  not  so  wet  that  water  can  be  squeezed 
from  the  mortar.      Tliis  mortar  is  then  tamped  into  plaster  piece  moulds  which  can 
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be  removed  immediately.  These  castings  when  well  made  are  veiy  sharp  and  clean, 
conforming  to  even'  requirement  of  form,  but  their  colour  and  texture  is  limited  to 
the  colour  of  the  cement  and  the  texture  of  the  sand.  From  the  foregoing  an  idea 
may  be  gained  of  the  problem  presented  by  the  first  retaining  wall  at  Meridian  Hill 


Fig    1.     Reinkcrceo  Concrete  Wall  with  Stucco  Finish    and  Precast  Rusticated  Pier 

WITH  Vertical  Grooves  for  Texture. 

It  has  the  cold  grey  cement  colour  of  ordinary  concrete.    Tne  textures  are  conventional  and 

not  characteris-.ic  of  conctete. 


Park  and  how  the  conditions  were  worked  out.  The  accompanying  photographs  will 
illustrate  the  character  of  its  work,  showing  clearly  how  the  conditions  of  form  and 
texture  were  met,  and  while  the  colour  is  not  recorded  this  requirement  was  complied 
^\-ith  about  as  well  as  were  those  of  form  and  texture. 
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The  second  operation  at  Meridian  Hill  Park  consisted  of  a  balustrade  300  ff 
long  located  on  the  upper  level  of  the  park,  and  an  arched  entrance  with  a  flight  of 
steps  connecting  the  upper  level  and  the  street. 

The  technical  progress  made  in  the  execution  of  this  work  and  the  great  improve- 
ment shown  in  the  results  were  largely  due  to  a  careful  study  and  severe  criticism  of 
the  first  operation.  So  radical  were  the  changes  in  methods  and  materials  that  I  feel 
that  I  must  pause  here  to  make  sure  the  criticism  I  am  about  to  make  of  the  first 
operation  will  in  no  way  beUttle  it  in  your  mind  ;  for  the  first  operation  stands  in  no 
need  of  apology.     It  is  a  thoroughly  satisfactory  concrete  retaining  wall,  rather  better 


Fig. 


•K(  1  1)  c    N'  Ki  IE  Wall  and  Pier  similar  in  detail  to 

THAT    SHOWN    IN    FiG.    1. 


Texture   and   colour  obtafnei   by  exposing   aggregate.      Note  that  the   furface   treainient   is 
characteristic  of  concrete,  as  opposed  to  that  in  Fig.  1. 

than  was  expected  at  the  start,  and  while  the  second  operation  shows  marked  improve- 
ment, it  is  only  a  reasonable  progress  and  must  not  detract  from  the  merit  of  the 
first. 

At  the  opening  of  this  paper  I  spoke  of  the  desirability  of  reinforced  concrete 
being  made  to  meet  any  requirement  of  fonn,  colour,  and  texture  that  the  architect 
may  impose.  I  had  been  encouraging  the  architects  in  this  belief  and  the  second 
Meridian  Hill  operation  certainly  reacted  vigorously.  The  300-ft.  balustrade  was 
detailed  without  restriction.  The  entrance  was  a  classical  arch  flanked  by  pilasters 
and  surmounted  by  a  complete  entablature.  In  designing  no  concession  was  made  to 
the  material,  but  every  requirement  of  form  was  insisted  upon.      The  photographs 
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show  the  sharpness  of  Une  and  the  refinement  of  contour  that  cliaracterise  all  the 
details.  The  same  method  of  surfacing  was  emploj^ed  as  on  the  first  wall  ;  namely, 
that  of  removing  the  forms  while  the  concrete  was  green  and  scrubbing  the  surfaces 
\\dth  a  steel  brush.  A  change  of  texture  was  made  to  accent  the  dramng,  but  in  this 
case  the  eft'ect  was  obtainable  b}'  changing  the  grain  of  the  texture  rather  than  by 
changing  the  nature  of  the  texture. 

The  forms  for  the  balustrade  and  arch  were  an  art  in  themselves  and  the  dif- 
ficulties encountered  were  most  discouraging.     Morning  after  morning  the  pre\-ious 


'S^^    -  %  ^i.. 


Fig.  3.     Pier    and    Wing    Wall    .\r    En  i  range    to    Park,    showing 
Junction  between  First  and  Second  Operations. 

Note   the  decided  improvement  in   surface   treatment  of    the   wing   wall,   seat,   and   rier  cap,  as 
compared  with  that  of  the  pier.     In  the  latter  the  matrix  predominates,  in  the  former  the  aggregate. 


day's  work  was  broken  up  and  thrown  away.  Sometimes  the  average  was  one  cast 
out  of  five,  sometimes  a  little  better.  In  the  beginning  it  was  only  a  great  faith  in  the 
truth  of  the  theory  that  kept  us  at  work. 

In  order  that  you  may  understand  let  me  illustrate  one  difficulty.  For  certain 
reasons  it  is  necessary  that  the  surfaces  of  all  important  moulds  be  waterproofed. 
This  produces,  between  the  wet  smooth  surface  of  the  cast  and  the  impervious  surface 
of  the  mould,  what  the  shop  men  describe  as  "  suction,"  and  when  large  surfaces  are 
involved  the  suction  is  great.      If  the  casts  could  be  allowed  to  harden  this  suction 
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would  be  of  little  consequence,  as  the  strength  of  the  concrete  would  be  suflicient  to 
overcome  it.  But  when  the  concrete  is  to  be  surfaced  green  the  mould  must  be  removed 
at  a  time  when  the  suction  of  the  mould  and  the  strength  of  the  concrete  are  about  in 
equihbrium.  Consequently,  instead  of  the  mould  coming  off  clean,  large  spots  of 
concrete  stick  to  it  and  spoil  the  cast.  I  have  in  mind  some  time  to  continue  these 
papers  showing  how  the  moulds  were  prepared,  how  the  concrete  was  mixed  and  placed 
so  as  to  overcome  this  and  other  difficulties.  Suffice  it  to  say  that  shop  technique  has 
improved  to  such  an  extent  that  a  cast  is  seldom  lost.  Do  not,  however,  think  that  all 
the  troubles  have  been  overcome  and  that  these  methods  are  perfected.  Quite  the 
contrary  is  true  ;    the  work  has  just  begun. 

^The  first  wall  was  of  a  cream  colour  obtained  by  exposing  the  aggregate  ;    the 
3'ellow  spots  were  made  to  break  the  surface  and  the  light  reflected  from  them  gave  a 


.\rchitkcti;ral  Design  of  Balustrade,  u.srkstrici  ed  as  to  form. 
This  concrete  has  met  every  requirement  in  forni,  colour,  and  texture. 


sense  of  colour.  It  naturally  suggested  itself  that  to  improve  the  colour  a  more  careful 
selection  of  aggregate  be  made.  Great  care  was  taken  in  looking  for  and  choosing 
the  aggregate,  which  was  finally  located  in  the  neighbourhood  of  Washington  through 
a  local  sand  and  gravel  company  whose  co-operation  was  a  great  help. 

When  the  aggregate  had  been  chosen  the  next  most  important  influence  on  the 
colour  of  the  work  was  the  frequency  with  which  the  spots  appeared  on  the  surface. 
The  arbitrary  1:2:4  mix  had  to  be  abandoned  and  another  formula  evolved  which 
would  deposit  the  particles  of  aggregate  in  the  mould  as  closely  to  one  another  as 
possible.  The  frequency  with  which  the  spots  appeared  on  the  surface  was  principally 
mfluenced  by  the  composition  and  the  consistency  of  the  concrete ;  by  the  care  witli 
which  it  was  placed  ;   by  the  uniformity  with  which  it  was  mixed  ;   both  as  regards  the 
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proportioning  of  the  ingredients  and  the  length  of  time  it  was  allowed  to  remain  in 
the  mixer. 

Experience  has  demonstrated  to  iny  satisfaction  that  the  colour  of  architectural 
concrete  (I  use  the  term  for  want  of  a  better)  must  be  that  of  a  tone  obtained  by  the 
disposition  of  small  contrasting  spots  in  uniform  proportions  over  the  whole  surface.. 
Pastelles  are  a  familiar  example  of  this  theory  of  colouring.  These  surfaces  wliich 
assume  a  tone  are,  upon  examination,  foimd  to  be  lines  of  blue,  red,  yellow,  green,  etc., 
hatched  and  cross-hatched  until  they  give  the  effect  of  uniform  colouring.  They  have 
an  irridescence  and  a  brilliancy  which  lends  to  them  a  charm  all  their  own.  And  so 
it  is  with  concrete  :  it  is  a  medium  with  a  charm  all  its  own,  which  by  its  nature  suggests 
the  pastelle  scheme  of  colouring  as  opposed  to  that  of  solid  tints  such  as  are  obtained 
from  a  coat  of  paint.  I  do  not  think  it  is  possible  for  satisfactory  tints  to  be  obtained 
in  concrete  b}'  the  addition  of  pigment  to  the  mortar.  I  feel  that  this  method  is  con- 
trary to  the  nature  of  the  medium.  The  efforts  that  I  have  made  in  this  respect  have, 
without  exception,  resulted  in  flat  muddy  colours. 


Fig.  5.     View  of  Ope.n  Stairway  from  above,  ind;cating  Character  of  the  Work. 


The  third  requirement,  that  of  texture,  showed  as  great  an  improvement  in  the 
second  operation  as  did  the  colour.  It  was  decided  that  the  best  way  to  the  desired 
effect  was  to  abandon  the  1:2:4  mix.  The  fact  that  the  colour  and  the  texture  were 
so  closely  dependent  upon  the  same  method  of  proportioning  greath*  simplified  the 
work  to  be  done  on  the  concrete.  Many  samples  were  made  emplo\-ing  different 
sizes  of  aggregate,  different  size  of  sand,  and  different  proportions  of  the  ingredients, 
especially  water.  Let  me  impress  the  fact  that,  of  all  ingredients  that  enter  into 
concrete,  none  require  more  exact  care  in  proportioning  than  the  water.  Too  inuch 
or  too  little  water  affects  the  colour  and  the  texture  through  its  effect  on  the  arrange- 
ment of  the  pebbles  and  the  case  with  which  the  casts  are  surfaced. 

^^'hen  the  aggregate  is  exposed  on  concrete  surfaces  the  planes  and  lines  should 
not  be  irregular  and  lumpy,  showing  many  stones  in  one  place  and  few  in  another,  but 
should  rather  be  uniform  and  true,  conforming  perfectly  to  the  contours  of  arcliitectural 
detail.  The  surfaces  should  have  many  uniform  particles  lying  closely  together,  as  the 
scales  on  a  fish,  true  and  even  of- surface,  yet  presenting  many  irregular  planes  to  the 
play  of  light  and  shade. 

My  desire  is  to  have  you  realise  that  concrete  as  a  plastic  medium  is  capable  of 
expressing  architectural  detail  from  the  simplest  to  the  most  elaborate,  is  able  to  meet 
the  most  exacting  requirements  of  textvne,  and  is  subject  to  beautiful  colouring 
dependent  for  its  range  only  on  our  knowledge  of  aggregates. 
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An  architect  friend  of  mine  in  lecturing  to  his  class  prophesied  that  structural 
concrete  because  of  its  adaptabihty  to  lintel  construction  and  its  plasticity  would, 
within  a  few  years,  revolutionise  building  construction  and  so  influence  architecture 
as  to  found  a  new  school. 

Let  us  not  try  to  find  appearance  in  a  concrete  into  which  appearance  has  not 
been  built.  If  we  do  we  are  doomed  to  failure.  But  on  the  other  hand  let  us  build 
refinement  into  concrete  so  that  this  great  material  may  find  a  beauty  worthy  of  its 
strength. 


MEMORANDUM. 

The  Permanent  Way  lastitutioa. — At  the  invitation  of  the  Concrete  Utilities 
Bureau,  of  6  Lloyds  Avenue,  E.C.3,  an  interesting  visit  was  paid  on  Saturday, 
September  21st,  b}-  fiftv  members  of  the  Permanent  Way  Institution  (London  Section) 
to  the  collection  of  concrete  products  on  view  at  143  Grosvenor  Road,  S.W.  The 
visitors  were  primarilv  interested  in  the  articles  especially  designed  for  use  on  the 
railway,  of  which  there  are  in  the  collection  a  considerable  number,  contributed  by  the 
Great  Western  Railwav,  London  and  South-Western  Railway,  Great  Northern  Railway, 
North-Eastern  Railwav,  and  the  Cheshire  Lines  Committee.  The  examples  of  concrete 
sleepers  naturally  came  in  for  a  good  deal  of  attention,  and  several  interesting  dis- 
cussions arose  as  to  the  merits  or  otherwise  of  the  different  types  exhibited. 

The  interest  of  the  members,  however,  was  by  no  means  confined  to  railway  matters, 
and  the  descriptions  of  the  numerous  other  illustrations  of  the  uses  of  concrete  were 
attentively  followed. 

During  the  afternoon  those  present  were  enabled  to  see  carried  out  a  series  of 
tests  on  2j-in.  cubes  of  neat  cement  and  others  gauged  with  three  parts  of  standard 
sand.  The  results  clearly  indicated  the  great  margin  of  safety  there  is  in  well-made 
concrete  when  submitted  to  a  crushing  or  compressive  trial. 

At  the  close  of  the  proceedings,  which  had  been  admirably  organised  by  Mr.  E. 
Treacher,  the  visitors  expressed  their  appreciation  of  the  opportunity  which  had  been 
afforded  them  for  an  inspection  of  the  various  examples  of  concrete  products  and  an 
interchange  of  ideas  concerning  them. 


547 


LIGHT  WEIGHT  CONCRETE  FOR  SHIPS. 


LIGHT     WEIGHT     CONCRETE     FOR     SHIPS     FROM 
SPECIAL  AGGREGATE. 

Volcanic  Rock  Forms  Basis  for  Concrete  of  High  Strength 

and     Weight     Twenty    per    cent.    Lighter    than    Normal. 

By  JAMES   P.   NASH, 

Testing  Engineer,  University  of  Texas,  Austin,  Tex. 
Reprinted  from  '"'  Engineering  NetDS  Record." — ED. 


Test?  recentlviinade  in  the  laboratory  of  the  engineering  division  of  the  bureau  of  economic  geology. 
Universitylof  Texas,  show  that  certain  aggregates,  notably  a  volcanic  scoria  readily  available  in  the 
South-West,  will  give  concretes  of  weights  about  120  lb.  per  cu.  ft.,  and  in  28  deg.  tests  compressive 

strength  above  4,000  lb. 
per  sq.  in.  Such  material 
would  have  marked  and 
obvious  advantages  for 
concrete   ship  building. 

The  volcanic  scoria 
L.sed  in  these  tests  is 
from  New  Mexico,  about 
thirty-five  miles  north  of 
Las     Cruses.  Crushed 

between  \  in.  and  \  in. 
in  size  it  weighs  but  39  lb. 
per  cu.  ft.  loose.  The 
specific  gravity  of  the 
material  being  1-50,  it 
weighs  solid  93-4  lb. 
per  cu.  ft.  The  volcanic 
rock  screenings  pas<;ing 
the  i  in.  screen  weigh 
78  lb.  per  cu.  ft.  loose. 
This  increase  in  weight 
of  the  screeiiiags  over  the 
crushed  rock  is  due  to 
the  fact  that  considerable 
pore  space  is  lost  by  the 
finer  crushing.  Sandstone 
used  in  the  tests,  chough 
somewhat  heavier  than  the  volcanic  rock,  also  gave  good  results.  It  came  from  the  property  of  the 
Texas  Gravel  and  Sand  Co.,  at  Piedmont,  Grimes  County,  Texas.  An  up-to-date  crushing  and  screening 
plant  able  to  produce  200  tons  of  crushed  and  screened  stone  per  day  is  in  operation,  so  that  no  further 
development  is  necessary  to  assure  a  constant  supply  for  ship  construction.  From  the  fact  that  this 
material  is  only  eighty  miles  from  the  port  of  Houston,  Tex.,  it  is  believed  that  it  offers  numerous 
possibiUties  for  the  construction  of  ..concrete  ships. 

TABI  E  I. — Ckaracteris'iics  of  Aggregates  used  in  Tests. 

Weight    Weight    Aosorp-  Crushing  Stg.   Percentage  retamed  on 


In  left  foreground — New  Mexico  Volcanic  Rock.      Right  foreground— 
QuARTziTic  Sandstone.       Concretes  from  Rock  in  rear. 
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The  rock  aas  a  specific  gravity  of  2-20,  giving  a  weight  solid  of  137  lb.  per  cu.  ft.  Crushed  so  that 
it  will  pass  the  |-in.  screen  and  be  retained  on  the  i-in.  screen,  it  weighs  61}  lb.  per  cu.  it.  Screenings 
passing  the  J-in.  screen  with  the  dust  removed  weigh  62  lb.  per  cu.  ft.  Due  to  a  smedler  porosity,  the 
sandstone  screenings  weigh  less  than  do  the  screenings  prot  uced  from  the  lighter  volcanic  rock. 
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The  mixing  and  placing  were  done  by  hand,  and  the  same  consistencv  was  nhf.-     ^  • 
except  where  noted  in  the  tables.     This  was  a  mushv  consistenny      tha^  7,     °f       ?f    '"  '''''^  '"^^ 
tamped   with  a  f-in.  rod  water  would  appear  on  the  toD  of   the  .of t '  concreS       ^u  "''"^'"'^  ""^ 

S  sfi  -""^   concrete.       ^he  specimens  were 

^  s  &  in.  by  12  in.  cyhnders,  which  wer» 

|.^  stored  twenty-one  days  in  wet  sand 

^  =  and  then  in  air  until  tested.      Where 

^S  sand  is  noted  the  local  Colorado  river 

g^  sand  was  used.     This  is  a  well-graded 

g  ^  coarse   sand    of    exceUent    quality   for 

f:  concrete  work.     The  gravel  specimens 

were   made   from    the   local    Colorado 
o      ^      nver    gravel,    except    the    gravel    was 
;  ^     {:;     graded  to  conform  with  the  grading  of 
^     ^     the  sandstone.    The  crushed  limestone 
also  approximated  the  grading  of  the 
2-5      s£.  ^  volcanic  rock,  so  that  the  results  are 

S         ^11  I  I       I   °°^         °o      °      directly  comparable. 

«^  M  f,  ff         tf_r     ^-  ^t  »s  worthy  of  note  that  both  the 

C  ^  sandstone  and  the  volcanic  rock  con- 

■£'S.i;?°P  ^  pu^oflK         oNo      Crete  are  superior  in  strength  to  the 
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^     a-"  """-^         "-      "      twenty-eight    days.      In    the   case   of 

the  volcanic  rock  and  screenings  the 
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„         -      „^     „  .  '^o'lcrete  weighs  14-8  per  cent,  less  and 

«S_^Soo^g«:^         ^  ?^     ?'r':+J^         5o      :?     ^^^s  12-5  per  cent,  more  strength  than 

U  <  «ul'R^§    "°         "  SS'^SS         ^So^J^e  limestone   concrete  made   at   the 
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u  same  time  and  similar  in  every  way. 

In  hke  manner  the  concrete  made  with 

«^-^,^|x-^^        ^  «     00^.0^         ^c.             tli^  ^rushed  sandstone  and  screenings 

iillS.tii'g^^         ^  i:    l^^^.         6^    t     "^"'^^^    '°    P''    '^e^t-    less    than    the 

o^^3      S|^  "«MM„          MMlf?     similar  concrete  made  with  gravel  and 

'^l  S                      °              ^  sand  and  at  the  same  time  developed 

o  -2                                .  ^-g,  12-4  per  cent,  greater  strength.     The 

M   -J           =■                   §_£|  weights  for  the  concrete  given  in  the 

S    I          I                  o'^l^  ^     tables  are  the  weights  of  the  concrete 
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2-^                           "^         ^  MMMMM         MM„      wcight     at     tweuty-cight     days     was 


^5         „             -  -          ,  .u  approximately  the  same  as  the  one- 

gii         2=            £  £>>^*^>  >      day  weight,  the  water  absorbed  in  wet 

"^        I             "  S-IISil     -l-s  -S      sand  being  given  up  when  the  speci- 

■           ■      ~  mens  were  stored  in  air.     The  volcanic 
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a    2  ^  -**-^-*         «  w^    ^^^^  §     li^i    'Z>     ^"ck     concrete,     however,      averaged 

^•S  o  cc         |c         SfMW)aB5„-MMW)     about  I  lb.  per  cu.  ft.  heavier  than  at 

•"^  o-o.         gs         Q.Q.a.S.=  £a)g.g.a.  Using  the  sandstone  crushed  be 

cc         ~2         -     'H'2'H'all-a'C     -a     'ow  the  i-in.  screen  and  screenings  of 
c^c«         >  c^     cll'll  ^^  '"ll     I     *^^  ^^^  materia],  a  concrete  has  been 

produced    which    weighs    but    128  lb. 
c  6         c      o"c    ^-   i    •■  „•   i  ;   i       .'      P^''  ^"-  "•     The  strength  of  this  con- 

^  ^i;;;        ^     °l     "^      -l^  ■  ^rete  has  not  yet  been  determined,  so 

So  00         =     'S  I   .cT.-S'^.E  .='     .=      the  results  are  not  recorded.     In  fact, 

g,  .^:!^        .1;^     Sl   '  o   •*'"'*'         ^-—    —     the  above  results  are  only  preliminary- 

<  .:i-.:«:-        ^-     P  -     I     "'--2        ;;;^     2      to  a  larger  series  of  tests  of  this  same 

'^      -"^      "     -"---  -    -     materia],  which  will  include  absorption 

tests  and  modulus  of  elasticity  deter- 
minatinns. 
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CORRESPONDENCE.  fOOMCBETE 

CORRESPONDENCE. 

Under  this  heading  ive  inviie  correspondence. 

To  the  Editor  of  Concrete  and  Constructional  Engineering. 

Sir, — The  interesting  paper  by  Messrs.  Johnson  and  Kingston,  and  your  editorial 
comments  thereoiT  in  3'our  September  issue,  raise  soine  questions  which  are  oi  great 
importance  at  the  present  time,  when  concrete  is  being  so  largely  employed  for 
shipbuilding,  a  use  which  demands  the  highest  possible  quahty  of  material.  Whilst 
some  of  the  conclusions  of  Messrs.  Johnson  and  Kingston  may  be  open  to  objection, 
their  main  point,  that  the  best  mixture  cannot  be  obtained  by  using  arbitrary  pro- 
portions such  as  I  :  2  :  4,  seems  to  me  to  be  unassailable.  The  ideal  concrete,  taking 
into  account  strength,  impermeability  and  economy,  is  one  in  which  the  aggregate 
is  so  complete!}'  graded  as  to  leave  a  niinimum  of  voids,  the  cement  forming  a  film 
uniting  the  particles  of  the  aggregate.  Down  to  a  certain  small  limit,  the  thinner 
this  film  the  greater  is  its  adhesive  strength.  A  badly-graded  aggregate  leaves  a 
large  proportion  of  voids,  and  the  resulting  concrete  is  porous,  unless  sufticient  cement 
be  used  to  fill  the  interstices  which  should  have  been  filled  by  the  finest  particles  of 
the  aggregate  A  simple  and  familiar  illustration  will  make  the  principle  clear.  A 
cask  filled  with  cricket  balls,  shaken  down  as  closely  as  possible,  is  still  capable  of 
holding  a  quantity  of  marbles,  and,  after  as  many  marbles  as  can  l)e  shaken  down 
into  the  interstices  have  been  added,  there  is  still  room  for  a  quantity  of  small  shot. 
If  a  solution  of  glue  were  now  to  be  run  into  the  cask,  the  mass  would  be  rendered 
solid  when  the  glue  had  set.  The  adhesive  material  would  then  be  distributed  through 
the  contents  of  the  cask  in  the  form  of  a  thin  and  fairly  uniform  film.  This  would 
give  nearly  the  maximum  strength  of  which  a  glue-aggregate  concrete  is  capable. 
The  actual  maximum  would  be  attained  if  the  aggregate,  instead  of  consisting  of 
spheres  of  three  different  sizes,  contained  spheres  of  all  diameters  between  that  of 
the  cricket  balls  and  that  of  the  smallest  shot  used,  mixed  in  proportions  which  may 
be  determined  mathematically. 

The  ideal  aggregate  should  be  of  this  character.  It  should  contain  particles 
of  all  dimensions  between  the  largest  and  smallest,  mixed  in  such  proportions  as  to 
fill  space  completely.  The  cement  then  lonns  a  thin  film  coating  each  particle,  and 
is  able  to  exert  its  maximum  adhesive  power.  Evidently  such  an  ideal  mixture 
is  not  to  be  arrived  at  by  the  use  of  an  arbitrary  ratio  of  the  constituents,  such  as 
1:2:4.  In  practice,  no  aggregate  will  be  so  perfectly  graded,  and  a  certain  excess 
of  cement  must  be  allowed  in  order  to  fill  the  remaining  voids,  but  it  is  usually  possible, 
b}^  an  examination  of  the  coarse  and  fine  aggregate,  to  determine  the  best  proportions 
in  which  to  use  the  materials  available.  The  authors  of  the  paper  have  shown  one 
way  in  which  this  may  be  approximately  done.  It  is  to  be  hoped,  however,  that 
some  of  our  laboratories  will  undertake  the  granulometric  analysis  of  a  number  of 
aggregates  prepared  in  various  ways  from  known  materials,  and  perhaps  devise  a 
method  by  which  the  test  may  be  readily  carried  out. 

The  papers  on  concrete  in  sea  water  by  Messrs.  Wig  and  Ferguson,  which  you 
have  been  printing  recently,  emphasise  the  importance  of  the  above  point.  These 
authors  describe  cases  of  failure  which  are  no  doubt  often  to  be  attributed  to  detective 
workmanship  or  to  faulty  materials,  but  the)'  have  made  it  clear  that  a  concrete 
intended  to  resist  the  chemical  action  of  sea  water  must  be  as  dense  as  possible,  and 
this  can  only  be  effected  by  a  proper  grading  of  the  aggregate.  To  use  a  badly-graded 
aggregate  and  to  trust  to  the  use  of  an  excess  of  cement  to  fill  up  the  voids  is  unde- 
sirable when  the  concrete  is  to  be  iminersed  in  a  solution,  such  as  sea  water,  which 
is  capable  of  acting  chemically  on  the  products  of  setting  of  the  cement 

It  is  true  that,  as  stated  in  your  editorial  note,  the  quantit}'  of  water  used  in 
making  the  concrete  has  an  important  influence  on  the-  strength,  but  the  optimum 
proportion  may  be  determined  by  experiinent,  and  either  a  wetter  or  a  drier  mixture 
gives  inferior  results.  The  manner  in  which  the  concrete  is  to  be  set  in  place  deter- 
mines to  some  extent  the  degree  of  wetness  to  be  aimed  at. 

It  would  be  of  interest  to  have  the  opinions  of  your  readers  on  the  points  raised 
in  these  articles.  I  am.  Sir,  yours, 

Royal  Technical  College,  Glasgow.  Cecil  H.  Desch 

September  2'ird.  1918. 
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Memoranda  and  Ne'a's  Items  are  rresented  under  this  heading,  ■with  occasional  editorial 
comment.     Authentic  neivs  nvill  be  luelcome. — ED. 
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Training  Classes  for  Disabled  Officers. — The  Cambridge  University  Board  of 
Architecture  has  organised  training  classes  for  architects,  craft  students,  builders, 
land  agents,  and  those  interested  in  the  practical  or  historical  sides  of  artistic  training. 
These  classes  are  for  the  benefit  of  disabled  officers,  and  are  directed  by  Professor 
E.  S.  Prior  and  Professor  Beresford  Pite.  Every  faciUty  for  study,  elementary  or 
advanced,  is  offered,  the  classrooms  and  laboratories  of  the  university  being  thrown 
open  to  the  students,  for  whom  workshops  for  practice  in  building  craft  are  available 
as  well  as  facilities  for  experimental  work  in  the  physics  relating  to  building  materials, 
for  studying  the  science  of  concrete  construction,  and  for  instruction  in  practical 
forestry. 

The  Cambridge  Board  of  Architectural  Studies  is  undertaking  also  a  series  of 
experiments  in  limes  and  cements  at  the  instance  of  the  Department  of  Scientific  and 
Industrial  Research,  and  has  set  up  a  special  committee  formed  from  the  University 
staffs  of  engineering,  forestry,  geology  and  chemistry.  The  results  will  in  due  course 
be  available  for  the  architectural  profession.  There  are  contemplated  further 
researches  in  aggregates  and  the  best  forms  of  reinforced  concrete.  The  co-relation 
of  the  laboratory  with  the  practical  experiments  of  building  is  intended  for  the 
general  benefit  of  the  building  trades. 

Concrete  Roadways  in  American  Encampments. — The  accompanying  illustration, 
taken  from  the  Concrete  Highway  Magazine,  shows  a  concrete  main  thoroughfare  at 
Camp  Dodge,  near  Des  ^loines,  Iowa.  The  writer  in  the  above  magazine  states 
that,  "  Although  subjected  to  extremely  heavy  use,  these  pavements  show  no  signs 
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of  wear.  From  6,000  to  8,000  vehicles  per  day  pass  over  the  iS-ft.  pavement, 
including  the  proverbial  steel-tired  mule  wagon  and  the  hcavilv  laden  motor-truck! 
During  the  construction  period  of  191 7  40,435  ft.  of  pavement  were  laid.  Con- 
struction was  continued  during  1918,  and  up  to  the  middle  of  June  12,000  sq.  yds. 
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had  been  laid.  .  .  .  The  concrete  was  a  1:2:3  mix,  the  thickness  6  in.  at  the 
sides  and  8  in.  at  the  centre,  and  joint  spacing  was  on  the  average  40  ft.  apart.  .  .  ." 
Concrete  Kerbing. — At  a  recent  meetmg  of  the  S.E.  district  of  the  Institution 
of  Municipal  Engineers  a  paper  was  read  by  Mr.  W.  N.  Taylor,  borough  engineer 
and  surveyor  of  Aylesbury,  on  "  Aylesbury  and  its  Municipal  Works,"  and  in  the 
course  of  his  paper  the  author  made  a  short  reference  to  concrete  kerbing,  which  we 
give  below,  as  follows  : 

"  Concrete  kerbing  and  channelling  had  been  used  in  Aylesbury  for  about  seven 
vears,  and  over  3,000  yds.  had  been  laid.  It  was  made  by  the  Council's  workmen 
and  had  proved  satisfactory  and  was  suitable  for  any  of  the  roads  in  the  town,  except 
on  hills,  where  it  might  be  unfairly  used  by  drivers  of  vehicles  running  the  wheel? 
against  the  kerbing.  At  first  wooden  moulds  were  used,  but  after  a  time  these  were 
discarded  in  favour  of  iron  moulds.  The  section  of  the  kerbing  was  5  in.  by  10  in. 
deep;  in  lengths  of  3  ft.  It  was  slightly  tapered  at  the  top  and  rounded.  The  tapering 
was  to  avoid  a  cartwheel  damaging  the  whole  of  the  face.  The  section  of  the  channel 
blocks  was  9  in.  wide  by  4  in.  deep,  in  lengths  of  15  in.,  and  was  slightly  dished  on 
the  surface.  The  channelling  w^hen  laid  was  protected  by  a  row  of  4  in.  b}'  4  in.  stone 
setts.  The  aggregate  for  the  kerb  and  channel  blocks  was  in  the  proportion  of  one 
of  Portland  cement  to  three  of  J  in.  to  dust  Clee  Hill  granite  chippings.  The  kerb 
and  channelling  were  always  laid  on  a  bed  of  Portland  cement  concrete  4  in.  in  thick- 
ness and  bedded  with  cement  and  sand.  The  cost  of  making  the  kerb  was  yd.  per 
hn.  ft.  and  the  channel  4jd.  per  lin.  ft.,  and  when  laid  complete  on  4  in.  of  concrete 
cost  2S.  9d.  per  lin.  ft." 

Concrete  Roads. — French  Roads  after  the  War — According  to  a  writer  in  Tech- 
nique Moderne,  France  has  something  like  372,800  miles  of  roadways,  and  it  seems 
that  steps  are  being  discussed  to  meet  the  demands  of  increased  fast  motor  traffic 
by  the  formation  of  reinforced  concrete  roads,  and  there  is  talk  of  a  Consultation 
Committee  to  dexase  the  best  plan  of  roadmaking,  looking  to  the  nature  of  the  future 
traffic  and  to  determine  in  what  way  it  may  be  possible  to  secure  the  requisite  funds 
for  the  purpose. 

Hydro-Electric  Power,  Canterbury,  N.Z. — In  connection  with  the  development 
of  hydro-electric  power  in  Canterbury,  N.Z.,  a  large  power  house  has  been  erected 
entirely  in  reinforced  concrete  ;  it  is  180  ft.  long,  70  ft.  wide,  and  40  ft.  high.  This 
structure  is  built  complete  to  house  the  whole  12,000  kw.  plant  in  connection  with 
the  scheme  of  development. 

Economy  in  the  Design  of  Concrete  Buildings. — In  the  Journal  of  the  Boston 
Society  of  Civil  Engineers  (June,  1918)  appear  some  particulars  of  experiments 
made  by  Mr.  F.  S.  Bailev,  with  a  view  to  ascertaining  the  most  economical  mixture 
of  cement,  sand  and  aggregate.  The  principal  tests  made  were  :  the  comparative 
costs  per  100,000  lb.  compressive  strength,  of  different  mixes  with  three  kinds  of 
aggregate,  viz.,  hard  sandstone,  broken  stone  and  gravel,  and  coniparative  costs 
with  different  mixes  with  beams  or  slabs  of  different  depths.  The  conclusion  arrived 
at  by  the  author  w-as  that  excepting  in  one  instance  the  e.xperiments  went  to  prove 
that  a  mix  of  i  :  2  :  4  would  be  most  economical. 

Concrete  Ships  in  England. — We  learn  from  the  daily  Press  that  two  concrete 
sea  barges  were  launched  on  September  2 1 ,  one  in  the  north  and  another  in  the  south 
of  England.  The  barges  are  187  ft.  6  in.  long  by  31  ft.  6  in.  beam,  by  20  ft.  9  in.  deep, 
and  contain  three  holds  for  cargo  in  addition  to  adequate  accommodation  for  captain, 
crew,  machinery  and  stores. 

British  Concrete  Shipbuilders. — An  organisation  to  be  known  as  the  "  Conference 
of  British  Concrete  Shipbuilders  "  has  been  established  with  the  object  of  discussing 
technical  and  other  matters  of  mutual  interest,  and  the  provision  of  facilities  for 
collective  dealing  with  the  Department  of  the  Controller-General  of  ^lerchant  Ship- 
building.    Mr.  J.  S.  E.  de  Vesian  is  the  Chairman  of  the  Conference. 

Concrete  Ship  Association. — According  to  the  Engineering  News  Record,  an 
International  Concrete  Ship  Association  has  been  formed  in  New  York  for  the  pur- 
pose of  furthering  the  interests  of  concrete  ship  construction.  The  offices  for  the 
time  being  are  at  7  E.  42nd  Street,  New  York.  The  annual  subscription  is  to  be 
not  exceeding  500  dollars  for  Corporations  and  25  dollars  for  individual  members. 
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Spain. — In  a  previous  issue  we  made  reference  to  Spanish  reinforced  concrete 
vessels,  and  were  able  to  present  illustrations  of  the  first  Spanish  reinforced  -concrete 
boat  in  course  of  construction  by  the  Sociedad  Anonima  Construcciones  y  Pavimentos. 
We  ha\-e  now  received  two  further  illustrations  of  this  vessel  completed,  before  and 


after  launching.  It  will  be  recalled  that  this  boat  was  more  in  the  nature  of  an 
experiment,  but  the  successful  tests  to  which  it  has  been  submitted  have  led  the 
above  company  to  erect  further  ships  of  1,200  tons,  which  are  being  constructed  at 
their  large  yards  at  Alalgrat. 
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"ZENITH"  SAND  &  BALLAST  WASHER 

iPleasances'  Patent). 


Capacity  : 
20  yards  per  hour. 


Water  used.  :> 
3,500  gallons. 


Used  by'H.M.  War  Office, 

Messrs.  Walter  Scott  and 

Middleton,    Limited,  and 

many  others. 


■\HD 


Washes  the  material  absolutely  clean  and  grades  it  at  the 
same  time.  No  power  required  to  drive  it.  Portable,  small 
floor    space.     No    expensive   renewals.     Cheap   in  first  cost. 


THE    BRITISH    STEEL   PILING   CO. 

DOCK    HOUSE,    BILLITER    ST.,    LONDON,    E.C.3. 
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Reinforced  Concrete  Vessel  at  Singapore. — Messrs.  Brossard,  Mopin  6c  Co.,  of 
Singapore,  have  recently  completed  the  construction  of  a  reinforced  concrete  ferry- 
craft  which  has  been  launched  at  Tanjong  Rhoo.  The  vessel  is  to  be  used  as  a  ferry 
ve.'^sel  to  convey  goods  wagons  of  the  railway  across  the  Johore  Straits.  The  craft 
is  1 20  ft.  long,  27  ft.  beam,  and  3  ft.  moulded  depth.  Dead-weight  capacity  is  about 
230  tons.  The  boat  is  built  entirely  of  reinforced  concrete,  with  the  exception  of 
a  part  of  the  deck,  which  is  teak  wood.  We  hope  to  present  an  illustration  of  this 
ferry-craft  in  a  later  issue. 

Concrete  Pipe  Joint  designed  for  High  Pressure. — A  pipe  joint  capable  of 
standing  very  high  heads,  forming  an  expansion  and  a  universal  joint  and  applicable 
to  concrete  pipes  of  sizes  as  low  as  4  in.  in  dia.,  has  been  developed  by  the  Lock 
Joint  Pipe  Co.,  Xew  York  City. 

The  fundamental  principle  consists  in  the  use  of  a  special  lead  pipe  gasket 
which  squeezes  against  the  cast  pipe  ends  when  the  pipes  are  drawn  together  and 
forms  a  water-tight  joint  which  at  the  same  time  permits  a  certain  deformation  of 
the  pipes  themsehes  without  affecting  their  tightness. 


riniohed       Joint  ''^'■'"^  '"*^'  ^'"■'"- 


The  gasket  is  of  specially  made  lead  pipe  of  size  varying  with  the  size  of  the 
pipe  to  be  jointed,  and  is  fitted  \x\t\i  a  fibre  core  which  ensures  continuity  of 
surface  when  the  pipe  is  flattened  and  squeezed.  Where  concrete  pipes  are  used, 
the  pipe  ends  are  of  specially  shaped  castings  which  are  placed  in  the  forms  before 
the  concrete  pipe  is  poured  and,  being  fastened  to  the  reinforcement  of  that  pipe, 
become  integral  with  it  when  the  concrete  sets.  Two  pipes  are  brought  together 
by  a  screw  jacking  arrangement  extending  back  to  the  last  pipe  already  in  place 
in  the  tins.  In  tests  made  in  the  yard  the  pressure  on  4  in.,  9  in.  and  36  in.  pipe, 
the  pressure  was  put  on  up  to  no  lb.  per  sq.  in.,  and  the  pipe  moved  through  a 
considerable  amplitude  under  this  pressure  without  showing  a  leak. — Engineering 
News  Record. 

Defective  Concrete  Piles. — In  preparing  the  ground  for  a  harbour  at  Xieuwediep, 
near  Leidain,  in  August,  igi6,  a  number  of  piles  were  used  which  proved  deficient  in 
various  respects.  In  some  the  heads  were  seriously  damaged  because  no  provision 
had  been  made  for  protecting  them  during  the  action  of  the  pile-drivers. 

In  other  piles  the  reinforcing  bars  broke  at  some  distance  from  the  head  and  the 
spiral  reinforcement  also  snapped.  This  was  attributed  to  the  core  of  the  pile  being 
too  hard  with  respect  to  the  outer  portions  and  to  minor  irregularities  in  mixing.  A 
well-illustrated  description  is  published  (in  the  Dutch  language)  in  Gewapend  Beton 
August,  1918  (L.  J.  Veen,  Amsterdam). 

Hollow  Blocks. — An  improved  hollow  brick  of  cement  has  been  invented  at 
Stockholm.  The  characteristic  feature  claimed  for  this  brick,  which  is  called 
"  Terma,"  is  that  an  air  channel  has  been  arranged  in  the  joints,  whereby  an  effective 
utilisation  of  the  air  as  an  insulating  material  in  outer  walls  has  been  attained.  A 
company  has  been  formed  for  exploiting  the  invention.— Co^/Zrac/  Journal. 
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Publications  Received. — Proceedings  of  the  Engineering  Association  oj  N.S.W. 
(Vol.  XXXII.,  1 916-17).  The  above  volume,  which  has  just  come  to  hand,  contains 
a  number  of  interesting  papeis,  amongst  which  may  be  mentioned  :  The  Microscopy 
of  Steel  ;  Concrete  Shipbuilding  ;  Notes  on  Improving  the  Efficiency  of  Fuel  Econo- 
misers  ;  Notes  on  Estimating  and  "Costs  of  Architectural  and  Engineering  Works, 
etc.,  etc. 

TRADE    NOTE. 

Capt.  Scharroo,  of  the  Military  School  of  Engineers  in  Holland,  has  contributed 
to  a  Dutch  magazine  a  very  interesting  article  relating  to  the  waterproofing  of  Port- 
land cement  with  "  Pudlo."  After  giving  a  brief  explanation  of  the  various  methods 
of  waterproofing  cement,  he  states  that  he  found  both  liquids  and  powders  generally 
affected  the  cement  ad\'ersely.  He  was,  therefore,  very  sceptical  about  the  outcome 
of  his  experiments  with  the  powder  "  Pudlo."  The  results,  however,  were  so  successful 
and  surprising  that  in  the  interests  of  the  Dutch  building  trade  he  decided  to  publish 
the  results. 

Reference  is  made  to  some  tensile  and  compression  tests  made  with  Pudloed 
concrete  by  Messrs.  Koning  &  Bienfait,  the  Dutch  cement  experts,  and  from  these 
Capt.  Scharroo's  experiments  are  confirmed  that  "  Pudlo  "  makes  cement  perfectly 
impervious  without  detrimentally  affecting  the  cement.  He  urges  the  use  of  Pudloed 
cement  in  the  construction  of  concrete  ships. 

Capt.  Scharroo's  article  is  the  first  of  a  series,  and  we  look  forward  to  his  further 
remarks  with  interest. 

The  Dutch  agent  for  Messrs.  Kerner-Greenwood  &  Co.,  Ltd.,  ot  King's  Lynn, 
the  makers  of  "  Pudlo,"  states  that  Capt.  Scharroo  is  a  well-known  expert  on  cement, 
and  that  the  publication  of  his  experiments  in  the  Dutch  technical  paper,  Gewapend 
Beton,  is  causing  many  enquiries  from  other  authorities. 
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VICTORIA 

CONCRETE    MIXER 

shown  in  the  illustration  is  fitted  with 
our  latest  side  loader  and  is  driven  direct 
by  petrol  engine,  the  plant  being  mounted 
on  road  wheel  truck. 


It  represents  THE  MOST  MODERN  CONCRETE  MIXING  PLANT  obtainable    \ 
COMPACT,  SELF-CONTAINED,  RELIABLE. 


WHITE   FOR   CATALOGUE   VC. 


Telephone— VICTORIA  1849. 


STOTHERT  &  PITT 

LTD., 

38,  Victoria  Street,  S.W. 
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EDITORIAL  NOTES. 


,     CONCRETE    SHIPBUILDING. 

With  this  issue  we  publish  the  first  of  a  number  of  "  special  supplements  "  in 
which  it  is  proposed  to  deal  with  concrete  shipbuilding  and  its  developments  to 
date,  as  far  as  it  has  been  possible  to  gather  this  information. 

The  growing  importance  of  this  branch  of  concrete  construction,  together 
with  the  keen  interest  that  is  being  shown  in  the  subject,  lead  us  to  believe  that 
these  supplements  will  meet  with  a  great  need  and  will  be  useful  to  our  many 
readers  at  home  and  abroad. 

Special  care  has  been  taken  to  make  the  information  as  complete  as  possible, 
though,  naturally,  under  present  war  conditions,  it  is  not  possible  or  advisable 
to  publish  very  detailed  particulars  as  to  the  most  recent  designs  evolved  in  this 
country. 

The  first  supplement  touches  upon  the  question  of  the  Need  for  a  New 
Material,  owing  to  the  shortage  of  steel  and  timber,  and  in  Chapter  II  a  brief 
history  of  concrete  shipbuilding  is  given  ;  this  historical  survey  will  be  completed 
in  the  December  issue.  Later  supplements  will  deal  with  such  questions  as 
"  Materials  used  in  Concrete  Ship  Construction,"  Design,  Workmanship,  etc. 

FIRE    PROTECTION    IN    SHIPYARDS. 

We  desire  to  call  attention  to  a  letter  we  have  received  from  an  eminent 
surveyor,  which  we  publish  on  page  598  of  this  issue,  regarding  the  fire  hazards 
in  shipbuilding  yards  where  concrete  ships  and  barges  are  in  course  of  construction. 
There  is  not  the  least  doubt  that,  owing  to  the  extraordinary  rush  due  to  the 
belated  decision  to  build  concrete  ships  and  barges,  the  shipyards  have  not  been 
laid  out  with  a  due  regard  to  the  risk  of  fire,  which  is  particularly  hazardous 
where  there  is  such  a  large  storage  of  timber  and  where  so  many  woodworking 
operations  prevail  in  the  preparation  of  the  forms  and  shuttering  necessary  for 
this  type  of  ship  construction.  And  although,  of  course,  it  may  be  excellent, 
after  the  shipyard  has  been  devised  and  has  been  got  into  working  order,  to  lay 
down  external  hydrant  mains  and  to  provide  first-aid  fire  appliances,  such 
equipment  cannot  in  the  slightest  degree  be  compared  with  the  value  of  a  proper 
lay-out  and  construction  and  a  suitable  equipment,  arranged  for  at  the  outset,  from 
the  fire  point  of  view.  Prevention  is  obviously  better  than  any  possible  cure, 
and  it  is  to  be  hoped  that  those  who  have  control  of  these  shipyards  will  insist  on 
such  precautions  being  taken  as  are  now  still  possible  in  the  preventive  sense,  and 
where  the  proprietors  of  the  yards  have  not  taken  the  elementary  precautions  in 
the  separation  of  hazards  the  essential  structural  divisions  should  be  put  in  hand  to 
meet  the  grave  hazards  evident  to  the  \eriest  tyro  in  tliese  matters. 
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As  the  writer  of  the  letter  very  truly  indicates,"  the  mere  fact  that  the 
finished  ship  or  barge  is  of  concrete  does  not  reduce  the  fire  hazard  of  the  yard. 

CONCRETE    ROADS. 

One  of  the  most  important  questions  that  will  arise  during  the  reconstruction 
period  which  will  follow  the  conclusion  of  the  War  is  that  of  the  rebuilding  of 
many  of  our  roads  and  the  making  of  new  highways  both  in  this  countr^^  and  in 
the  war-devastated  areas  of  the  Continent.  The  use  to  which  the  roads  wall  be 
put — the  nature  and  amount  of  the  traffic — will  be  amongst  the  factors  governing 
the  material  to  be  adopted  in  their  construction,  and  whatever  other  materials 
are  employed,  there  are  indications  that  both  here  and  in  France  concrete  will 
undoubtedly  be  used  for  some  of  these  new  roads.  We  have  in  these  pages 
made  repeated  reference  to  its  extensive  use  for  this  purpose  in  the  United  States, 
and  we  have  also  been  able  to  publish  illustrated  articles  of  such  roads  in  this 
country.  We  believe,  also,  that,  during  the  period  of  War  concrete  has  been 
further  tried  for  the  roadways  in  several  of  our  large  encampments  and  has  been 
subjected  to  heavy  motor  traffic.  As  has  been  pointed  out  b\'  writers  in  these 
pages,  the  success  of  the  concrete  road  is  dependent  upon  the  care  bestowed  in 
its  construction,  and  for  this  reason  we  would  like  to  call  the  special  attention  of 
our  readers  to  two  papers  read  on  the  subject  of  concrete  road  making  at  the 
annual  meeting  of  the  American  Concrete  Institute  this  year.  We  publish  one 
of  them  in  the  current  issue,  and  hope  to  reproduce  the  other  next  month.  Both 
papers  are  indicative  of  the  thoroughness  with  which  every  detail  in  connection 
with  concrete  road  making  is  being  studied  in  America,  and  we  trust  the  authorities 
in  this  country  may  be  led  to  take  up  the  matter  in  an  equally  complete  and 
exhaustive  way. 

CONCRETE   WORK   IN   TERRITORY    EVACUATED    BY   THE    ENEMY. 

Now  that  the  Allied  troops  are  going  over  the  ground  so  long  occupied  by 
the  enemy,  in  which  all  manner  of  structures  of  concrete  and  reinforced  concrete 
have  been  erected,  the  time  has  surely  come  when  a  representative  panel  should 
be  appointed  by  the  authorities  to  examine  the  way  in  which  concrete  has  been 
applied  by  the  enemy,  not  only  for  purely  military  purposes  and  as  a  safeguard 
against  bombing,  but  for  general  purposes  of  military  and  civil  engineering. 
There  cannot  be  the  least  doubt  that  there  is  a  considerable  amount  to  be  learned 
in  these  areas  as  to  the  use  to  which  concrete  has  been  put  on  such  an  extensive 
scale  by  the  enemy,  and  as  soon  as  the  necessary  particulars  have  been  taken  by 
a  thoroughly  representative  and  competent  panel  the  results  should  promptly 
be  made  available  for  the  use  of  the  technical  professions  in  this  country. 

PUBLISHER'S    NOTE. 

The  above-mentioned  supplement  on  Concrete  Shipbuilding  will  be  issued 
free  with  each  issue,  or  it  can  be  obtained  separately,  on  application,  at  a  cost  ot 
IS.  id.  (post  free). 
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AUSTRALIA    HOUSE. 


One  of  the  most  important  and  interesting  buildings 
completed  during  the  "war  is  undoubtedly  the  netu  Com- 
monivealth  building,  of  'which  "we  are  able  to  give  some 
particulars  in  the  follotving  article  by  courtesy  of  the 
architect,  Mr.  A.  G.  R.  Mackenzie.— ED. 


In  these  days  of  war,  when  the  whole  of  the  Colonies  have  hastened  to  the  defence 
of  the  Mother  Country,  it  is  fitting  that  their  official  centres  should  occupy 
prominent  positions  in  the  metropohs,  and  this  building,  which  was  recently 
opened  by  H.M.  the  King,  occupies  one  of  London's  finest  sites,  and  is  symbolic 
of  Australia's  desire  to  stand  for  all  that  is  implied  by  the  phrase,  "  Unity  Within 
the  Empire." 

The  position  of  the  building  is  the  eastern  portion  of  the  Strand-Aldwych 
site  and  is,  as  will  be  seen  from  the  plan  {Fig.  i),  almost  triangular  in  form,  each 
of  the  three  frontages  being  about  190  ft.  long,  but  at  the  apex,  where  the  Strand 
and  Aldwych  meet,  the  corner  is  cut  back  to  a  width  of  about  40  ft.  to  form 
the  main  entrance.  The  site  was  offered  by  the  London  County  Council  to  the 
Commonwealth  Government  in  1909,  but  it  was  not  until  191 1  that  the  purchase  of 
the  whole  freehold  was  agreed  upon. 

In  February,  1912,  Mr.  A.  Marshall  Mackenzie  and  Mr.  A.  G.  R.  Mackenzie 
were  selected  to  carry  out  the  work  of  designing  a  building  that  should  epitomise 
Australia  and  express  its  importance  in  the  capital  of  the  Empire.  The  build- 
ing was  required  to  include  a  large  Exhibition  Hall  suitable  for  the  display  of 
the  products  of  AustraHa  and  also  to  provide  accommodation  for  the  offices  of 
the  Australian  State  Governments.  A  reference  to  the  plans  {Figs.  1  and  2) 
shows  how  well  the  architects  have  solved  the  problem  before  them,  and  the 
unbroken  vista  of  nearly  200  ft.  from  entrance  to  furthest  extremity  of  the  Ex- 
hibition Hall  is  a  worthy  example  of  "  grand  manner  "  planning  and  is  in  keep- 
ing with  the  broad  lines  and  dignified  appearance  of  the  exterior. 

The  foundation  stone  for  the  building  was  laid  in  July,  1913,  and  for  a  time 
progress  was  rapid.  Labour  troubles  and  the  outbreak  of  the  war  soon,  however, 
began  to  delay  progress,  and  although  many  Government  regulations  were  waived 
with  regard  to  this  structure  it  was  not  until  the  end  of  1916  that  any  portion  of  the 
building  could  be  used. 

The  elevations,  which  are  of  Portland  stone  on  a  base  of  Australian  trachyte, 
are  described  by  the  architects  themselves  as  having  a  foundation  in  the  Roman 
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architectural  style  modified  by  certain  eighteenth  century  French  motifs.  The 
more  successful  features  are :—  ■  u     t         ^u^ 

I  The  effect  in  the  mass  as  the  building  is  approached,  especially  from  the 
east,  and  at  points  where  its  proportions  and  contours  are  fully  in  view. 

'2.  The  colonnades  on  the  Aldwych  and  Strand  sides. 


MELBOUDNE      PLACE 


acA^Le. 
Fig.  1.     Plan  of  Ground  Floor. 
AusTR.M.iA  House. 

3.  The  curving  sweep  on  the  north-eastern  facade,  in  which  the  configuration 
of  the  site  on  its  Aldwych  side  has  been  admirably  developed.  The  unstinted 
solidity  allowed  to  the  walls,  moreover,  has  given  full  play  to  the  columns  of  the 
facades  in  the  matter  of  the  light  and  shade  of  the  exterior  composition,  whilst 
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another  feature  worthy  of  note  is  the  dignified  treatment  of  the  roof  of  the  building, 
in  which  an  elaborate  design  carried  out  in  copper  finely  harmonises  with  the  stone 
of  the  substructure. 


melboup.vj:    place 


Fig.  2.  Plan  of  Upper  Floors. 
Australia  HotsK. 


Within  the  building  Australian  products  have  been  widely  used,  and  marbles 
from  the  Australian  quarries  at  Buchan,  Caleula  and  Augustan  form  the  basis  of 
the  decoration  of  the  Exhibition  Hall  and  its  approaches  ;  and  on  each  of  the 
upper  floors  a  different  Australian  wood  has  been  used  for  the  floors  and  fittings. 
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CONSTRUCTION. 

The  building  consists  of  basement,  sub-basement,  ground  floor  and  six  floors 
over.  The  basement  floors  are  ii  ft.  6  in.  and  lo  ft.  high  respectively,  and  the 
ground  floor  is  30  ft.  6  in.  to  the  first  floor  level,  whilst  the  height  from  ground 
jfloor  to  roof  is  99  ft.  6  in. 

The  main  entrance  leads  to  a  vestibule  having  side  entrances  to  both  the 
Strand  and  Aldwych,  and  from  this  vestibule  access  is  gained  to  a  hall  about  30  ft. 
square.  The  main  staircase,  planned  on  the  two-way  principle,  is  approached 
from  this  hall,  and  beyond  is  the  Exhibition  Hall,  88  ft.  long  by  64  ft.  wide  with 
semicircular  recesses  about  30  ft.  wide  on  either  side.  Except  for  the  entrances 
and  a  portion  of  the  site  occupied  by  the  Victoria  Government  offices,  the  whole 
of  the  Strand  and  Aldwych  frontages  are  reserved  for  commercial  purposes. 

The  foundations  of  the  building  are  25  ft.  below  street  level  and  consist  of  a 
concrete  raft  over  the  whole  site.   This  raft  is  reinforced,  where  needed,  to  equally 


5.     View  showing  Floor  Construction. 
Australia  Housk. 


spread  the  superincumbent  weights  coming  upon  it,  and  over  its  upper  surface  is  a 
layer  of  asphalte  which  is  carried  up  to  pavement  level,  so  that  the  whole  structure 
stands  in  a  waterproof  tank  and  is  insulated  from  several  underground  streams 
that  occur  in  the  neighbourhood  and  which  discharge  into  the  Thames. 

The  building  is  fire-resisting  throughout  and  is  of  steel-framed  construction 
carried  out  to  the  requirements  of  the  London  County  Council's  General  Powers 
Act,  1909,  as  to  design  and  protection  of  steel  and  thickness  of  walls. 

Owing  to  the  plan  of  the  site,  exact  "  unit  "  planning  of  supports  was  impos- 
sible, but  standardisation  and  uniformity  was  generally  stri\-en  for  in  the  arrange- 
ment of  the  steelwork.  On  the  two  main  fronts  the  stancheons  are  placed  at 
about  22  ft.  centres,  and  21  ft.  from  these  is  a  second  row,  which  thus  divided  the 
outer  portion  of  the  building  into  bays  of  about  22  ft.  by  20  ft. 

Witliin  the  Exhibition  Hall  only  foiu-  stancheons  are  used,  and  these  are 
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placed  within  the  massive  piers  which  play  so  large  a  part  in  giving  scale  to  this 
portion  of  the  building. 

After  fixing,  all  steelwork  was  protected  by  a  coating  of  cement  wash,  but 
during  the  delay  consequent  upon  the  war  and  labour  troubles  it  was  found 
that  this  covering  was  insufficient,  and  a  cov^ering  of  broken  brick  concrete  was 
subsequently  applied  to  the  steelwork. 

The  basement  and  ground  floors,  which  are  designed  for  very  heavy  loads, 
are  of  reinforced  concrete  in  small  spans,  but  the  upper  floors  are  of  much  larger 
spans,  some  being  of  unbroken  slabs  of  32  ft.  by  32  ft.  constructed  without  any 
intermediate  beams  and  having  a  thickness  of  12  in.  The  majority  of  the  bays, 
however,  were  about  22  ft.  by  2^,  ft.,  with  a  thickness  of  ()\  in.  All  these  floors 
were  carried  out  on  the  "  Cullum  "  fire-resisting  principle,  with  perforated  blocks, 


Fig.  6.     \iew  showinji!   Floor  Construction 
.Australia   Housk. 


reinforced  in  both  directions  in  thi'ir  joints  by  steel  rods  so  that  all  tension  is  taken 
by  the  steel  and  compression  by  the  blocks  and  the  concrete.  The  flats  and  sloping 
roof  are  of  similar  construction  and  the  flats  are  finished  with  asphalte. 

The  external  stonework  was  very  carefully  detailed,  and  the  whole  of  the 
outer  walls  are  constructed  to  be  self-supporting.  Lack  of  space  prevents  us  from 
reproducing  a  series  of  details  from  ground  level  to  roof,  but  the  drawing  of  the 
entablature  and  attic  storey  {Fig.  3)  is  well  worthy  of  study.  The  cornice  has  a 
depth  of  3  ft.  5I  in.  and  a  projection  of  about  3  ft.  8  in.  The  bed  mould  of  cornier 
is  of  comparativelv  small  stones,  but  the  upper  portion  is  of  stones  2  ft.  ()  in.  in 
depth  and  2  ft.  6  in.  and  2  ft.  Q  in.  in  ele\-ation,  eacli  block  bring  7  ft.  from  nose 
of  cornice  to  back. 

The  method  of  construction  is  clearly  shown  in  tlir  section  reproduced,  and 
it  will  be  seen  that  the  soffite  is  suspended  from  the  lower  flanges  of  steel  joists. 
To  prevent  overturning  the  cornice  is  tailed  down  by  bolts  connected  to  small 
joists  which  run  back  to  main  wall  and  which  are  placed  at  about  2  ft.  centres. 
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General  View  of  Finished  Buildint; 
Australia  Hocsk. 
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Photoeraph  by  LS^.,t\„il  L 


The  Vestibule,  looking  East. 
Australia  Hovse. 


567 


AUSTRALIA  HOUSE.  [CQNCKETE 


A  tank  with  capacity  of  30,000  gallons  of  water  has  been  constructed  on  the 
roof  of  the  building,  and  for  the  supply  of  water  to  the  structure  an  artesian  well 
was  sunk  at  the  time  of  commencement  of  the  works. 

A  most  interesting  feature  of  the  basement  of  the  building  is  the  triple 
treasury  which  has  been  built  to  suit  the  requirements  of  the  Commonwealth 
Government  officials.  This  treasur\^  is  of  two  floors,  and  is  constructed  to  be 
entirely  self-supporting.  The  total  thicknesses  of  walls  and  roof  are  12  in.  and 
that  of  floor  9I  in.  and  the  external  dimensions  are  19  ft.  9I  in.  high,  17  ft.  10  in. 
wide  and  11  ft.  i|  in.  deep.  The  divisional  floor  between  the  upper  and  lower 
chambers  is  of  i-in.  chequered  steel  plate  on  6-in.  R.S.J. 's,  and  to  allow  of  access 
to  the  back  of  either  door  (in  cases  of  emergency)  a  locked  trap  door  is  formed  in  it. 
The  outer  shell  is  of  |-in.  tough  Siemens  steel  and  the  inner  shell  of  compound 
armour-plate  |  in.  thick,  consisting  of  highly  carbonised  drill-resisting  steel 
inserted  between  plates  of  tough  Siemens  steel,  with  a  layer  of  copper  ^  in.  thick 
between  same,  thus  making  the  inner  shell  |  in.  thick.  The  space  between  the 
inner  and  outer  shell  is  filled  with  hard  granite  concrete  in  which  are  embedded 
twisted  hard  steel  bars  of  flat  section.  These  bars  are  arranged  to  run  at  right 
angles  to  each  other  at  a  pitch  of  about  12  in.,  thus  giving  square  spaces  between 
them  of  about  9^  in.  The  doors  are  of  Chubb's  anti-blowpipe  crane-hinge  doors, 
with  clear  opening  of  3  ft.  width  and  7  ft.  height,  and  are  impervious  to  oxy- 
acetvlene  flame,  fracture  or  drill. 

As  an  additional  safeguard  all  the  outer  walls,  floors  and  roof  surrounding 
the  triple  treasury  itself  were  constructed  of  reinforced  concrete  i  ft.  10  in.  thick, 
having  embedded  therein  three  separate  cages  of  hard  twisted  steel  bars. 

Mr.  Hamilton  H.  Turner,  of  48,  Broadway,  Westminster,  was  the  Quantity  Sur- 
veyor for  the  building,  and  Mi .  S.  Bylander,  who  is  now  carrying  out  similar  work 
for  the  Ottawa  Government  Building,  was  the  Consulting  Engineer,  whilst  Mr.  W. 
Stark,  to  whose  unceasing  vigilance  the  fine  quality  of  the  work  is  greatly  due,  acted 
as  Clerk  of  Works. 

The  General  Contractors  for  the  superstructure  were  Messrs.  Dove  Bros.,  of 
Islington,  and  for  the  foundations  Messrs.  Holloway  Bros.,  of  Westminster.  The 
steelwork  was  carried  out  b\'  Messrs.  Redpath  Brown,  and  it  ma}'  be  of  interest 
to  state  that  British  steel  was  used  throughout. 

The  contractors  for  the  floors  were  Messrs.  Horace  W.  Cullum  and  Co.,  and 
the  Portland  stone  was  supplied  by  the  Bath  and  Portland  Stone  firms.  Messrs. 
Chubb  and  Sons  carried  out  the  work  for  the  triple  treasury,  and  also  supplied 
the  other  safe  doors  for  the  building.  Among  the  others  engaged  may  be  mentioned 
Messrs.  Ramsay  and  Co.,  London,  for  the  great  majority  of  the  fine  metal  work  and 
electric  light  fittings  ;  Messrs.  Jenkins,  of  Torquay,  for  the  marble  work  to 
Exhibition  Hall ;  ^lessrs.  Wylie  and  Lockhead,  Glasgow,  for  the  woodwork  of 
Library  and  first  floor  ;  and  Messrs.  Turner  Lord  for  the  "  Stuc  "  work  to  ceilings 
in  Exhibition  Hall  and  entrance. 

The  cost  of  purchase,  including  an  arrangement  as  to  the  freehold  of  the  site 
of  the  already  existing  Victoria  building,  amounted  to  £379,756,  whilst  the 
contracts  for  the  building  itself,  including  the  estimated  cost  of  material  brought 
from  Australia,  were  estimated  in  Januar\%  1917,  to  involve  an  expenditure  of  over 
£450.000. 
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THE    RAPID     CALCULATION 

OF  REINFORCED  CONCRETE 

STRUCTURES. 


BEAMS  FOR  FLOORS. 


By  N    DE  TEDESCO, 

civil  Engineer.  Ecole  Cenirale.  Paris. 

The  foUotving  article  regarding  the  Calculation  of  Reinforced  Concrete  Structures  concludes 
M.  de  Tedesco's  treatise  ;  the  last  article  appeareid  in  oar  January  issue,  page  2b — ED. 


Floors  in  reinforced  concrete  are  composed  of  a  slab  incorporated  with  the 
rectangular  beams  supporting  it.  The  calculation  of  these  beams  takes  into 
account  this  slab  in  so  far  as  the  resistance  to  compression  is  concerned,  but 
the  theoretical  width  of  this  slab  acting  with  each  beam  is  reduced  to  the  smallest 
of  the  following  values  :  either  the  |  of  the  distance  centre  to  centre  /  between 
the  beams  or  the  \  of  the  span  L  of  these  beams  or  15  times  the  thickness  ds  of 
the  slab. 

If  d  is  the  effective  height  of  the  beam  (including  the  tliickness  of  the  slab  ds\, 
namely,  the  distance  between  the  axis  of  the  bars  in  tension  and  the  upper  surface 
of  the  slab,  we  must  take  approximately  for  the  lever  arm  or  distance  between 
the  centres  of  tension  and  compression  the  following  value  : 

5 


a=d 


12 


ds 


d  being,  as  mentioned,  the  effective  height  of  the  beam  and  ds  the  thickness  of 
the  slab. 

We  then  find  immediately  the  minimum  value  of  At,  or  the  section  of  steel 
required  in  square  inches  by  the  equation 

at 
or  preferably  in  succession  : 

F=— =the  effort  of  tension  or  compression  and  Af=  .  =^ 

If  we  call /the  distance  between  the  upper  surface  of  the  slab  and  the  point 
of  application  of  the  resultant  of  the  compressive  forces,  the  exact  value  of /is  : 


and  not  the  approximate  value  —ds,  suggested  above 


The  distance  n  between  the  neutral  axis  and  the  upper  surface  of  the  slab 
is  unknown.  This  distance  varies  between  two  limits,  viz.  :  n=ds,  when  this 
neutral  axis  coincides  vnih  the  under  surface  of  the  slab.     Wv  then  have  : 


f- 


^ds  —ids     ds  _ds 
2ds  —ds      3      3 
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n,  very  great  as  compared  to  ds,  in  which  case  we  may  neglect  2ds  beside  3W  and 

ds  beside  2n,  hence  : 

3w     ds     ds 
^~2n      3  ~  2 
Between  these  two  Hmits  : 

^    ds  ds 

/=—  and  /=  — 
J      2  -'3 

5  7       11  ,  .  ds 

If  we  take  the  average  zzds,  there  is  only  an  actual  error  amountmg  to  — ^ 

which  is  a  very  small  one  of  ^  in.,  in  the  case  of  ^5=4  in.  and  a  relative  error, 
still  less  important,  in  the  length  of  the  lever  arm  a=d  — /,  seeing  that  d  is  always 
large  as  compared  with  /. 

The  following  examples  will  show  the  simplicity  of  this  method  of  calculation. 

X. Find  the  reinforcement  in  tension  of  beams  8  in.  wide  and  20  in.  deep, 

spaced  6  ft.  centre  to  centre,  and  having  a  siiperload  of  2  cwt.  per  sq.  ft.  on  a  span 
of  20  ft.     The  thickness  of  the  slab  is  4  in. 

Loads  per  foot  : 

Slab,  4x13   =  52  lb. 

Superload,     2x112  =  224   ,, 


Per  foot  run      276   ,, 
Weight  on  the  beam,         276  x6     =1656  lb. 

r  eft 

Dead  weight  of  beam,  8  X20  X-— ^77^  =  I74   - 

Total  loads  1830  lb.  per  loot  run. 

Bending  moment  :  

„     1830x20^X12 

B  = o =  1098000 

We  then  have  :   rf  =  20  in. +4  in.  (less  the  cover  of  the  bars  in  tension  from 

below  their  axis,  which  we  can  estimate  at  2  in.). 

Hence  : 

r^=20+4  —2  =  22 

/=^X4  =  i-67 

a=d  —f=22  —1-67  =20-33 

^    B     1098000 

F=    =  — =  54009 

a       20-33 

^  ^54009  ^F^^ 

'  '     16000     t      ^  ^ 

In  order  to  realise  this  section  we  can,  for  instance,  provide  six  round  bars 
of  I  in.  =3-606,  arranged  as  in  Fig.  i. 

It  will  be  noticed  that  until  now  we  have  not  considered  the  working  stress 
of  the  concrete  in  compression  which  must  not  exceed  600  lb.  per  sq.  in. 

In  general,  if  the  spacing  of  the  beams  is  not  too  small  and  if  the  depth  of 
the  beam  has  been  amply  provided  for,  which  is  an  obvious  measure  to  economise 
the  steel,  this  working  stress  is  far  from  being  reached.  Anyhow,  in  case  there 
is    any  doubt  on  this  point,  there  is  a  rapid   means  of  verification,  viz. :   The 
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distance  /  between  the  beams  being  6  ft.,  the  span  L  25  ft.,  and  the  thickness 

of  the  slab  4  in.,  we  have  said  that  we  must  take  for  the  effective  width  b  of 

the  slab  the  smallest  of  the  following  quantities  : 

20  X 12 
•75X6X12=54; =80;    15X4=60 

We  must  therefore  take  6=54  in.  ;  we  then  get  a  total  sectional  area  of 
concrete  equal  to  54x4  =  216.  The  average  working  stress  p  of  the  concrete 
is  therefore  : 

F      54009 


216       216 
The  maximum  working  stress  is  c  =     ^ 


=  2=;o 


ds 

I  — — 

2« 


Unfortunately  we  do  not  know  n  beforehand,   but  if  we   take   the   most 

unfavourable  case,  viz.,  n=ds,  we  have  c  =  2p.     The  result  is  that  we  obtain 

entire  security  when  we  get : 

c 
p  -<  -  or  -=  300  lbs. 

Such  is  the  case  of  this  example. 
V^erification. 

If  we  wish  to  verify  the  above  we  must  apply  the  general  equation  which 
gives  us  the  value  of  n. 

{b  —b')dsln J4-- —  —mAt{d  —n)  =0 

6  =  54,  6'=8,  ^s=4,  w  =  i5,  .4,  =  3-38,  mAf  —  ^o-y,  d  =  22 
Therefore  : 

(54  -8)  X4  X  {n  -4)  +^  -507(22  -n)  =0 

184  {n  —2)  +4«2  —507  (22  —n)  =0 
«2+58-675« -370-85=0 
n  =35-098  -29-3375  =5-7555 
Knowing  n  we  can  more  accurately  calculate  c  : 
P  250 

'=-—^3- — r^=384 

I -—     I - — ^ — 
22  11-511 

Similarly  we  can  know  more  accurately  : 

3n  -2ds    ds_3  X5-7555  -2  X4     4_ 

J      2n-ds      3     2x5-7555-1x4^3  "^5 

The  rapid  method  had  given  us  f=i-6y. 

Finally,  if  we  wish  to  complete  the  verificftion,  we  must   calculate   the 

moment  of  inertia  by  the  general  formula  : 

I  =  {b  -b')-=^^j^^' +  b'  x'^  +  mAAd  -n)^ 

namely,  for  : 

6=54,  6'=8,  6-6'=46,  w=57555,  «3  =  i9o-65,  {« -c/.s)='  =  1-7555^  =  5-41. 
w.4,  =  i5X3-38  =  50-7.  rf-n=22 -57555  =  16-2445 
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^     190-65  -5-41     „     190-65 

/=46x-^ — ^-^^+8x^:^+5o-7Xi6-24452 

/  =  2840-50  +508-40  + 1338378  =  16732-68 

,^    B     1098000      ^    ^ 
^=7=16^3^8=^5-62 

C=A'n  =65-62  X 5-7555  =377-67  instead  of  383 
t=Kx{d-n)  xm=6y62  xi6-2445  xi5  =  i5989-46  instead  of  16000. 
II. — Find  the  reinforcement  in  tension  and,  if  necessary,  the  reinforcement  in 
compression  for  beams  6  in.  icide  and  16  in.  deep,  spaced  4  //.  apart  and  having  a 
superload  of  2  cwt.  on  a  span  of  if^ft.,  the  thickness  of  the  slab  being  3  in. 
Load  per  ft.  :  Slab  3  x  13  =  39 

Superload  2  x  112  =224 


263 
Load  on  the  beam  per  ft.  run  263  X4  =  i052 

Dead  weight  of  beam  6  x  16  X  — - —  =   104 
°  12  X12  ^ 


1156 

Ii56x25'xi2  ^ 

B  = g =  1083750 

We  have  ^  =  16  +  3  (less  the  cover  of  the  bars  in  tension  below  their  axis,  which 

we  \\ill  assume  equal  to  1-50  in.) 
^  =  16+3-1-50  =  17-50 

/=—  xrfs  =  —  X3  =  I-25 
-'12  12     ^  ^ 

rt=(/-/=  17-50 -1-25  =  16-25 

B     1083750 
F  =  -= — ,  '      =66602-3 
a        16-25 

F     66692-3 

*~  t  ~  16000  ~^        ^ 

If  we  now  examine  what  happens  in  compression,  we  find  that  of  the  three 

quantities 

r     25x12 
•75x4x12=36;    -^ —  =  100;  15x3=45 

the  smallest  is  6  =  36 

Which  gives  us  an  effective  section  of  concrete  of  3  x  36  =  108. 

66692-3     ^  600 

f  = V^^=6i7-52> 

108  ^  -^        2 

We  can  therefore  see  that  the  maximum  stress  c  will  be  greater  than  600 

and  that  it  will  become  necessary  to  provide  bars  in  compression. 

Evidently,  in  this  case,  the  value  of  n  is  known  beforehand  and  equal   to 

•36(^  = -36  X 17-50 =6-3,  assuming  of  course  that  we  take 

w  =  i5  ;  c=6oo  ;  /  =  16000 

From  which  we  obtain  more  exactly  : 

.    2n-2ds     ds     3x6-3—2x3     3 

f=:- V z=- —  X^  ^  I-^J. 

■'      2n—ds       3      2x6-3— 1x3     3        •^"^' 
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We  had  previously  found  approximately  1-25. 

a=d  — /=i7-5o  — i-34  =  i6-i6 
66602-3 

The  value  of  ^-l^  will  be  given  by  the  equation  : 

Bn       ,  ,  /2w  —ds\ 

-3 — >  —cbasy  — - —  I 

A  =-~f  ^      2     J 


mc  {n—f) 

^^^37|ox6-3  _6oo X 36  X 3(^^i630-3N 
i6-i6  ^       ^\         2        / 


^  i6-i6 

15x600(6-30 -1-34) 
422502  — 311048 

'^'-     44640     =''«7 

Verification. 

We  can  verify  the  value  which  we  have  assumed  for  ^4^  by  the  general 
equation  giving  the  moment  of  inertia  and  taking  into  account  the  value  which 
we  have  found  for  A^.  Hence,  m.4^  =  15  x 2-497  =37-50.  ^/=4*i3  ;  'w^t 
=  15  X413  =61-95.  W'e  notice  that  the  proposed  value  of  y4^is  on  the  assumption 
that  the  axis  of  the  bars  in  compression  is  situated  at  a  distance  /  calculated  as 
msntioned  above;  of  course, if  we  can  place  the  axis  higher  up,  we  can  diminish 
slightly  the  working  stress. 

The  general  equation  takes  this  form  : 

/yto  l/yt  ds\  ft 

I  =  {b  -61) 4 +b'—+mA,{n  -f)^+mAt{d  -n)^ 

namely,  for  : 

6=36;  b' —6  ;  6  — &'=36  — 6=30  ;  ^=6-3  ;  « —^5=6-3 —3=3-3 
m/l^=37-5o  ;  w  — 7=6-3 —1-34=4-96  ;  m/li =61-95  ;  ^^—^  =  17-5 —6-3  =  11-20 


30,^--3     .- -,s  ,  6x6-30 


/=y  (6-30^  -3-30^)  + ^ —  +37-5  X4-96H61-95  X 11-20^ 

7  =  2140-60  +  500  +  922-50  —  7771-10  =  11334-20 
^,  B     1083750 

A=r  = ^^^^=95-62 

I       11334-20      ''^ 

c=Kn=g^-62  x6-3=6o2-4o 
t  =K  X  {d  -n)  xm =95-62  X 11-20  X 15  =  16064. 
The  small  differences  amounting  to  3  per  cent,  are  the  result  of  decimals 
which  have  been  neglected. 
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TEN   HOUSES    OF    FIELD    AND    PRE-CAST    CONCRETE. 

In  a  recent  issue  of  our  contempoTAT':)  "  Concrete,"  U.S.A.,  there  appeared  an  interesting 
article  regarding  the  erection  of  concrete  houses  of  field  and  pre-cast  units.  The  article  is 
descriptive  of  the  special  system  employed,  and  contains  a  number  of  illustrations,  some  of 
•which  tve  reproduce  hereivith,  together  -with  the  text  of  the  article.  In  dealing  ■with  cost  of 
erection,  it  must  be  remembered  that  the  author's  figures  are  based  on  prices  and  practices  ruling 
in  America, — ED. 


Ten  six-room  dwellings  are  being  completed  at  Lansford,  Pa.,  for  the  Lehigh 
Coal  &  Navigation  Company,  by  the  Simpsoncraft  system  of  concrete  con- 
struction. Work  is  being  done  on  a  lump  contract  amounting  to  $30,000 — 
$3,000  per  house. 

The  houses  in  various  stages  of  construction  are  shown  in  the  accompanying 
illustrations.     There  are  eight  separate  structures,  two  of  them  double  houses. 

The  system  here  described  involves  the  use  of  pre-cast  reinforced  units, 
most  of  them  light  and  readily  handled,  set  up  on  a  monolithic  foundation  wall 
and  tied  together  by  other  reinforced  structural  members  which  are  cast  in 
place.  An  inspection  of  the  ten-house  job  at  Lansford,  which  has  not  progressed 
rapidly,  suggests  that  the  system  is  extremely  elastic  in  design  and  far  more 
simple  in  actual  fabrication  and  erection  than  might  appear  from  the  inventor's 
details.  Its  successful  application  to  extensive  housing  enterprises  (it  would 
not,  it  seems,  be  economical  for  single  dwellings  or  extremely  small  groups) 
depends,  like  a  good  many  other  developments,  which  have  gone  slowly  in  the 
concrete  field,  upon  the  thorough  training  of  two  or  three  men  in  the  details 
of  the  system  and  the  thorough  organisation  of  a  crew.  A  good  carpenter  and  a 
good  cement  finisher  under  a  competent  superintendent,  \sdth  an  organised 
crew  of  average  intelligence  should  be  able  to  standardise  operations  in  pre- 
casting,  erecting  and  field  pouring  and  finishing  so  as  to  give  a  good  construction 
at  low  cost.  Most  of  the  work  done  with  the  system  has  been  on  a  small  scale 
and  insufficient  in  extent  to  develop  a  suitable  organisation  for  economical 
results.  The  work  on  the  ten  houses  at  Lansford  offered  an  opportunity,  and 
while  the  contract  is  being  put  through  at  a  price  of  83,000  per  house,  the  con- 
tractor, due  perhaps  to  lack  of  organisation  under  trying  labour  conditions 
has  not  taken  the  fullest  advantage  of  an  opportunity. 

Walls  and  floors  are  constructed  with  thin  pre-cast  slabs  in  convenient 
dimensions  poured  and  finished  on  pallet  forms  in  a  shop  on  the  job.  These 
are  reinforced  with  a  welded  wire  fabric,  which  projects  at  the  edges  for  tying 
up  with  the  field  cast  structural  members.     They  are  slid  off  the  pallets  and 
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stood  on  end  twenty-four  hours  after  finishing.     The  exposed  surface  of  wall 
slabs  may  be  finished  as  desired — trowelled,  floated,  brushed  or  scratched 'for 


1  i^s.  4,  5.  6,  7.     Illustrations  of  a  typical  house- 
nearly  complete.    Bottom  illustration  gives  a 
general  view  of  a  group, 


Fins.  1.  -.  3.     Views  showint;  method  of  consiructiun. 


stucco  application.     Horizontal  belt  courses  and  sills,  suitably  reinforced  and 
having  projecting  rods  to  tie  into  field  cast  members,  are  also  shop-made  in 
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moulds  providing  slots  which  admit  the  thin  wall  slabs.  Combination  risers 
and  treads  for  stairs  are  also  shop-made  to  be  tied  together  by  field-cast 
strings.  Balustrades  are  either  shop  cast,  or  field  cast  with  strings,  as  desired. 
I-beams  for  floors  are  the  heaviest  shop  cast  members.  For  the  first 
floor  above  the  monolithic  foundation  floor  I-beams  are  spaced  on  horses 
set  on  shims  at  floor  height.  For  a  panelled  ceiling  pre-cast  slabs  are  placed 
so  as  to  rest  on  the  upper  edges  of  the  lower  I-beam  flanges.  For  flush,  plastered 
ceilings,  wire  loops  in  the  bottom  of  the  beams  support  metal  fabric.  For  the 
floor,  the  thin  pre-cast  slabs  rest  on  the  I-beams,  and  the  joints  covered  by  a 
concrete  floor  i  in.  thick,  finished  in  place.  For  a  wood  floor  finish  wire  ties 
cast  into  the  floor  slabs  permit  securing  the  sleepers  to  which  the  finish  is  nailed. 


Figs.  8  and  9.     Floor  Plans  for  a  six-room  house  similar  to  those  erected  at  Lansford. 
For  this  plan  five  different  treatments  are  suggested  (see  Figs.  10,  11,  12,  13,  14). 


Walls  are  built  up  with  a  horizontal,  pre-cast,  slotted  belt  course  at  storey 
heights,  or  at  other  levels  to  suit  design,  with  thin  slabs  between,  the  actual 
structure  of  the  work  depending  on  field-cast  studs  or  small  pilasters,  poured 
in  place,  which  join  the  slabs,  belt  courses  and  studs  in  a  stiff  construction. 

These  vertical  members  may  be  cast  with  an  exterior  projection  to  give  a 
panelled  effect  or  flush  outside  where  stucco  is  to  be  applied  on  a  plain  field. 
The  interior  projection  of  the  stud  provides  the  tubular  wall,  furring  and  lathing 
being  applied  inside.  These  field-cast  studs,  in  which  the  reinforcing  rods  are 
continuous  for  the  height  of  the  house  above  the  first  floor  level,  support  the 
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beams  of  the  upper  floors,  the  projecting  rods  of  the  beams  locking  into  the 
vertical  rods  of  studs  when  the  field  casting  is  done. 

In  actual  erection  slabs  are  set  up  at  wall  corners  and  horizontal  strings 
thoroughly  braced  for  alignment.  If  the  walls  are  flush  outside,  a  plank  covers 
the  vertical  joint  between  slabs  and  provides  the  outside  form  of  the  stud,  while 
three  form  boards  with  rounded  fillets  at  corners  provide  the  interior  form.  The 
two  sides  are  wired  through,  twisted  and  wedged.  If  panelled  outside,  a  portion 
of  the  stud  thickness  is  provided  outside  by  a  shallow  channel  mould. 

The  system  is  architecturally  elastic  because  the  vertical  studs  may  be 
spaced  as  required  to  meet  structural  demands  and  be  hid  in  the  finished  work, 
while  in  panelled  effects,  as  in  the  upper  storeys  of  the  houses  under  construction 
at  Lansford,  vertical  ribs  may  be  merely  false  studs  cast  in  the  shop  \vith  such 
spacing  as  is  desired. 


MEMORANDUM. 

The  Proposed  300,000  Cottages. — Writing  on  this  subject  to  the  Architect,  Mr. 
John  Murray  says  : — 

As  there  still  appears  to  be  much  uncertainty  about  this  problem,  may  I  be  allowed  to  subnut 
the  foUowing  points  for  consideration  of  all  interested  in  connection  with  this  important  question, 
the  best  solution  of  which  may  necessitate  the  adoption  of  an  entirely  new  system  ? 

1.  A  large  number  of  so-caUed  temporary  buildings  with  thin  concrete  walls  have  been  erected 
during  the  war  and  used  for  dwellings  satisfactorily.  They  wiU  last  for  a  few  years,  and  they 
are  cheap  and  sanitary. 

2.  The  Local  Government  Board  of  Scotland  has  decided  to  build  for  housing  somewhat 
similar  cheap  concrete  buildings  that  are  calculated  to  be  of  a  more  permanent  nature. 

3.  If  so-called  temporary  cottages  were  built  for  all  the  housing  required  immediately  after 
the  war,  they  could  be  erected  very  rapidly,  would  probably  last  about  ten  years,  be  cheap,  sufScient 
for  all  necessary  purposes,  and  releat-e  at  an  early  date  much  labour  for  other  essential  trade 
developments  for  which  speed  is  the  very  essence. 

4.  The  great  electricity  scheme  recommended  by  the  Board  of  Trade  Committee  a  few  months 
ago,  and  which  is  proceeding,  will  probably  provide  a  huge  amount  of  electric  power  throughout 
the  country  within  a  few  years. 

5.  About  ten  years  hence  a  vast  amount  of  electricity  ^vill  doubtless  be  available  throughout 
the  coimtry  for  domestic  heating  and  lighting,  probably  at  a  cost  of  only  a  fraction  of  a  penny  per 
unit.  At  that  time  money  will  probably  be  much  cheaper,  and  concrete  or  other  cottages  heated 
and  lighted  by  electricity  could  be  built  at  an  economical  cost,  and  calculated  to  last  for,  say, 
about  fifty  years  or  more. 

6.  Having  regard  to  the  vast  and  rapid  development  of  all  branches  of  science  that  wiU 
assuredly  occur  during  the  next  fifty  years,  there  does  not  appear  to  be  any  sufi&cient  reason  why 
it  should  be  necessary  or  expedient  to  build  cottages  of  a  more  substantial  or  costly  nature  than 
are  calculated  to  live  for  more  than  about  fifty  years. 

7.  If  these  several  relative  facts  have  not  yet  been  fully  considered  in  connection  with  this 
problem,  it  would  appear  to  be  very  desirable  for  it  to  be  done  now  before  the  country  is  committed 
to  a  programme  that  may  not  prove  to  be  the  most  sound,  either  scientifically  or  economically. 
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Panorama  ot   Balk  Slipways  for  Concrete  Ships,  Poolk  Harbour. 


CONCRETE  SHIPBUILDING  IN  THE  SOUTH  OF  ENGLAND 


In  the  present  article  we  give  illustrations  and  short  particulars  of  some  recent 
concrete  shipbuilding  developments  in  this  country. 

Poole  Shipyard. — In  a  recent  number  we  made  brief  reference  to  the  launching 
of  a  i,ooo-ton  barge  which  had  been  built  at  this  yard.  A  second  barge  has  since 
been  launched,  and  we  are  now  able  to  present  a  number  of  illustrations  of  these 
concrete  ships. 

The  shipyard  where  these  boats  are  being  constructed  occupies  a  total  area 
of  nearly  250  acres  with  a  water  frontage  of  ij  miles  in  the  harbour.  Work  on 
the  site  was  commenced  in  December  1917. 

The  slipways  were  specially  designed  to  suit  the  construction  of  concrete 
ships  by  Mr.  E.  0.  Williams,  B.Sc,  A.M. Inst. C.E.,  Chief  Engineer  of  the  ship3'ard, 
Mr.  Anthony  G.  Lyster,  M.Inst.C.E.,  being  the  Consulting  Engineer. 

The  barges  and  tugs  shown  in  the  accompanying  illustrations  were  also 
designed  and  are  being  built  under  the  supervision  of  Mr.  E.  0.  Williams. 

Two  special  features  of  the  yard  are  : — 

(i)  Permanent  crosswalls  or  keel  blocks,  on  which  the  bottom  shuttering 
of  a  vessel  can  rest,  and  so  arranged  that  the  whole  of  the  shuttering  of  the  vessel 
is  removable  without  being  destroyed. 

(2)  Permanent  gantries  between  the  slipways,  and  connected  at  their  upper 
ends  by  a  cross-gantry  which  connects  a  unit  of  10  slipways  together.  The  upper 
gangway  of  the  gantry  is  practically  at  the  level  of  the  decks  of  the  vessels,  and  on 
this  upper  gangway  all  the  concrete  is  conveyed  from  the  mixer  to  the  sides  of 
the  ships. 

The  barges  are  reinforced  by  small  bars  arranged  horizontally  and  vertically 
to.  form  a  rectangular  network.  Larger  bars,  constituting  the  tension  and 
compression  reinforcement  in  beams  and  struts,  are  connected  by  web  members 
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Interior  of  1,000-ton  r.aii;e.  sliouing  external  shuttering  or  falseworK. 


Deck  and  Bulwark  Keiiifoi cement— aft  end. 
1,OOC-TON  Barge  at  Poole. 
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Interior  of  Hold. 


Dei-k  \lc^^.   =iiu>Mii«  ai.>,.Mii....ju..i..--i. 

1.000- TON  Barge  at  Poole, 
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in  the  form  of  ties,  which  are  electrically  welded  in  place.  The  vessels  have 
double  bottoms  and  sides,  enclosing  the  transverse  frames.  The  upper  deck  is 
designed  on  the  cantilever  principle,  and  receives  support  at  the  hatchways 
from  a  series  of  diagonal  struts  projecting  from  the  sides  and  branched  out  from 
the  vertical  ribs,  the  three  structural  elements  at  each  rib  constituting  a  triangular 
frame  of  great  rigidity.  The  double  bottom  is  formed  by  two  3  in.  slabs  about 
3  ft.  apart,  connected  and  stiffened  by  longitudinal  and  transverse  ribs.  The 
latter  are  continued  up  the  sides  of  the  vessel  between  the  two  3  in.  walls  of  the 
hull,  the  spaces  between  the  ribs  being  occupied  by  hollow  cores  of  concrete 
reinforced  by  wire  netting.     These  cores  are  made  of  24  in.  lengths,  and  form 


Complete  Barge  in  Slipway  day  before  launching.       •• 
1,000-TON  Barge  at  Poole. 

the  inner  part  of  the  moulds  for  the  concrete  of  the  walls  and  ribs,  thereby?  saving 
labour  and  material  and  helping  to  consolidate  the  construction. 

These  barges  have  two  holds  and  three  transverse  watertight  bulkheads, 
accommodation  for  the  captain,  crew,  machinery  and  stores  being  provided  at 
the  bow  and  stern.  Those  designed  for  carrying  oil  in  bulk  are  divided  to  form 
two  oil  tanks  by  cellular  longitudinal  and  transverse  bulkheads. 

A  number  of  small  tugs  are  also  under  construction  and  an  illustration~of 
these  is  also  given. 

In  the  vessel  designed  by  Capt,  J.  H.  Waller,  D.S.O.,  R.E.,  and  now  also 
imder  construction  at  the  Poole  Shipyard,  the  hull  is  formed  of  pre-cast  reinforced 
concrete  plates,  from  which  the  ends  of  the  reinforcing  bars  project.     When  the 
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plates  are  put  in  position  in  the  vessel  the  bars  are  interwoven  and  locked  around  a 
pair  of  bars  placed  in  the  space  left  between  adjacent  plates,  and  form  part  of 
the  reinforcement  of  the  transverse  frames  extending  along  the  bottom,  up  the 
sides,  and  under  the  deck  of  the  vessel.  After  the  bottom  and  side  plates  have 
been  laid  and  secured  in  position,  the  reinforcement  of  the  frames  is  assembled, 
and  the  main  longitudinal  reinforcement  2  in.  diameter  bars,  for  withstanding 
hogging  and  sagging  stresses,  is  fixed  in  place.  After  the  reinforcement  for  the 
bulkheads  and  the  centre  keelson  has  been  assembled  and  secured  the  concrete 
is  complete.  The  decking  hatchway  combings  and  bulkheads  are  constructed 
on  the  same  principle  as  the  hull.  The  plates  are  moulded  on  the  flat,  one  on 
top  of  another,  with  a  coat  of  whitewash  between  each  pair.  The  correct 
disposition  of  the  reinforcement  is  assured  by  edge  moulds,  and  by  trowelling 
the  surface  while  the  concrete  is  still  wet  a  very  smooth  finish  and  a  high  degree  of 
impermeability  are  obtained.  The  object  of  the  Waller  system  is  to  reduce  the 
amount  of  shuttering  required,  to  lessen  the  labovir,  and  to  shorten  the  time 
occupied  in  construction. 


The  Stem'of  an  SOO-h.p.  Tui4  under  construction  at  Poole. 
View  shows  exterral  shutiering. 
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TESTS    OF    BLAST 

FURNACE  SLAG  AS  THE 

COARSE    AGGREGATE 

IN   CONCRETE. 


By  P.  J.  FREEMAN  * 

Considerable  attention  is  being  devoted  to  the  value  and  advantages  of  blast  furnace 
slag  as  an  aggregate  in  concrete,  ana  "we  therefore  publish  the  folloiving  Paper,  dealing  -with 
some  tests  carried  out,  which  was  read  at  the  recent  meeting  of  the  American  Society 
for  Testing  Materials  — ED. 


Blast  furnace  slag  has  been  used  as  the  coarse  aggregate  in  concrete  for  a  number 
of  years,  and  numerous  laboratory  tests  have  been  made  during  that  time  ;  but  these 
tests  were  conducted  by  different  individuals,  and  with  different  cements  and  fine 
aggregates,  and  it  is  difficult  to  make  direct  comparisons  of  the  results  obtained. 

In  order  to  secure  comparative  data,  a  series  of  tests  was  planned  in  which  the 
materials  would  be  collected  from  various  localities  at  one  laboratory,  and  where  all 
specimens  would  be  made  by  the  same  operators,  under  uniform  conditions. 

The  whole  5-year  series  of  tests  will  not  be  completed  until  December,  192 1,  and 
this  paper  only  includes  the  data  obtained  during  the  first  year. 

PURPOSE    OF    TESTS. 

The  purpose  of  this  series  of  tests  was  to  furnish  information  relative  to  the  use 
of  concrete  materials,  as  follows  : 

(i)  A  comparison  of  the  crushing  strengths  of  air-cooled  blast-furnace  slag, 
limestone,  granite,  trap  rock  and  gravel,  when  used  as  the  coarse  aggregate  in  concrete  ; 
tests  to  be  made  at  the  end  of  14,  30,  60  and  180  days,  i  year,  2  years,  3  years,  4  years 
and  5  years. 

(2)  Determination  of  the  corrosive  tendency  of  sulphur  in  slag. 

(3)  Effect  of  sulphur  and  other  elements  on  the  durability  of  concrete  up  to  the 
age  of  5  years. 

(4)  Relative  strength  and  durabilit}^  of  concrete  made  of  high  magnesia,  low 
lime  slag,  and  low  magnesia  high  lime  slag. 

MATERIALS    USED. 

The  materials  used  as  the  coarse  aggregates  in  these  tests  were  secured  from  the 
following  localities  : 

Mark. 

Slag      Cleveland,  Ohio              87.410 

Slag      ...          ...          ...  Duquesne,  Pa.    ...          ...          ...          ...          ...  87,420 

Slag      ...          ...          ...  \'()ungstown,  Ohio         ...          ...          ...          ...  87,430 

Slag      Mavville,  Wis 87,440 

Slag      Sharpsvillc,  Pa.              87,450 

Slag      Cleveland,  Ohio              87,470 

Slag      Enslev,  Ala 87,480 

Slag      Pottstown,  Pa 87,520 

Slag      Toledo,  Ohio       87,530 

Gravel Pittsburgh,  Pa 87,460 

Trap  rock        Birdsboro',  Pa 87,490 


*  Engineer  of  Tests,  Pittsburgh  Testing  Laboratory,  Pittsburgh,  Pa 
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Gravel... 
Crushed  granite 
Limestone 
Limestone 


Akron,  Ohio 
Stockbridge,  Ga. 
Gates  City,  Ala.. 
Cleveland,  Ohio 


Mark. 
87,500 
87,510 
87,540 
87,550 


It  did  not  seem  practicable  to  screen  the  fine  aggregate,  and  recombine,  to  con- 
form to  Fuller's  curve,  or  to  use  a  combination  of  two  or  more  sands,  which  would 
make  theoretically  the  best  fine  aggregate.  The  material  selected  was  reasonably 
well  graded  and  the  same  sand  was  used  throughout  the  series  of  tests,  the  whole 
amount  being  secured  at  one  time,  from  the  back  channel  of  the  Ohio  River,  at  Neville 
Island. 

Chemical  Analyses  of  Slag. 


Cement  Laboratory  Numbers. 

87,410 

87,420 

87,430 

87,440 

87450 

87,470 

87,480 

87,520 

87,530 

Silica        

35-35 

36-72 

34-35 

31-98 

35-74 

33-63 

35-55 

31-53 

35-15 

Alumina 

12-28 

12-81 

13-55 

12-25 

ii-8i 

13-41 

12-04 

12-39 

14-11 

Iron  oxide 

0-90 

1-50 

1-02 

2  00 

0-38 

1-25 

0-62 

0-50 

0-25 

Manganous'oxide 

0-50 

0-61 

0-7I 

0  34 

0-70 

0-40 

0-36 

0-22 

0-43 

Titanium  oxide  ... 

0-40 

0-33 

0-50 

0-30 

0-30 

0-40 

0-40 

0-55 

0-45 

Calcium  oxide     ... 

40-05 

40-98 

45-80 

31-75 

42-65 

39-18 

41-35 

32-78 

38-75 

Magnesium  oxide 

8-20 

5-14 

1-62 

19-43 

6-18 

9-31 

8-45 

18-24 

8-84 

Sulphur  in   calcium 

sui- 

phide    ... 

1-05 

1-29 

l-IO 

0-89 

1-26 

1-03 

0-73 

0-89 

i-ii 

Sulphur  in  calcium 

sul- 

phate 

0-52 

0-27 

041 

0-27 

0-24 

0-20 

0-50 

o-io 

0-17 

Sulphur  in  other  forms... 

— 

0-12 

— 

0-07 

— 



0-05 

o-i8 

— 

Carbon     

~ 

"" 

0-62 

~~- 

The^cement  used  was  Alpha  Portland.  This  brand  was  selected  by  lot,  being 
drawn  from  a  list  of  several  standard  brands  of  Portland  cement.  All  cement  v/as 
purchased  at  the  same  time,  and  tested  and  found  to  be  satisfactory  before  the  prepara- 
tion of  concrete  test  specimens  was  begun. 

SCREENING   AND    RECOMBINING    OF    COARSE    AGGREGATES. 

As  the  various  aggregates  were  received,  they  were  screened  through  iron  plates 
with  circular  holes,  of  the  following  diameters  :    ij,  i,  J,  J,  and  ^  in. 

The  portions  retained  on  each  of  the  above  sieves  were  stored  separately,  and 
labelled,  to  be  later  recombined  to  make  the  coarse  aggregate  used  in  the  tests. 

The  coarse  aggregate  was  recombined  to  conform  to  Fuller's  curve  by  weighing 
equal  quantities  of  the  four  gradings,  and  shovelling  them  together,  turning  them 
until  their  appearance  showed  them  to  be  thoroughly  mixed. 

In  order  accurately  to  proportion  the  concrete,  the  weight  per  cubic  foot  of  all 
materials  was  determined.  Since  there  is  no  generally  accepted  method  for  determining 
the  weight  per  cubic  foot  of  concrete  materials,  one  was  used  which  had  been  found  in 
the  past  to  give  consistent  results.  A  cubic  foot  measure  was  filled  loosely  with 
either  sand,  or  the  recombined  aggregate,  after  which  the  measure  was  dropped  ten 
times  on  a  felt  pad  i  in.  thick,  from  a  height  of  3  in.  The  measure  was  again  filled 
and  smoothed  ofi  with  a  straight-edge,  and  weighed.  The  average  of  ten  determina- 
tions was  taken  as  the  weight  per  cubic  foot  of  the  material  used.  The  variation 
of  the  individual  determinations  was  usually  within  0-5  per  cent.,  and  seldom  over 
I  per  cent.  The  weight  per  cubic  foot  was  frequently  redetermined,  to  take  into 
account  any  drying  out  of  the  material.  The  w^eight  of  the  cement  per  cubic  foot 
was  taken  at  100  lb.,  this  being  a  very  convenient  figure  for  computations  and  one 
frequently  used. 
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PROPORTIONS    FOR    CONCRETE. 

Void  determinations  were  made  on  the  various  aggregates,  after  recombining. 
Each  coarse  aggregate  was  thoroughly  wet,  drained  and  a  cubic  foot  measure  filled 
and  weighed,  as  given  in  the  method  for  determining  the  weight  per  cubic  foot.  Water 
was  then  slowly  added  until  the  measure  was  level  full.  From  the  increase  in  weight 
the  percentage  of  voids  was  computed. 

It  was  not  possible  to  combine  the  sand  and  cement,  with  the  slag,  gravel  and 
crushed  stone,  respectively,  to  strictly  conform  to  Fuller's  curve,  and  still  have  tests 
which  would  be  comparable  with  each  other  on  the  basis  of  equal  proportions  of  cement. 
It  was,  therefore,  necessary  to  determine  the  leanest  mixture  which  would  produce 
a  dense  concrete  when  using  the  coarse  aggregate  having  the  highest  percentage  of 
voids,  and  then  using  this  mixture  for  all  materials.  By  this  method  the  same 
quantity  of  cement  was  used  to  make  each  specimen,  and  the  test  data  shows  a  com- 
parison of  the  different  aggregates  under  the  same  condition. 

The  proportions  for  the  motar  were  determined  by  making  trial  mortars  of 
various  proportions  of  cement  and  sand,  and  selecting  the  mixture  giving  the  maximum 
density  as  shown  by  increase  in  volume  of  the  resulting  mortar.  After  numerous 
tests,  the  proportions  of  i  part  cement  and  2  parts  sand  were  found  to  most  nearly 
fulfil  the  tests  for  maximum  density  of  the  mortar. 

The  coarse  aggregates  used  for  these  tests,  varied  in  weight  per  cubic  foot  from 
64  to  i04"5  lb.,  and  the  percentages  of  voids  from  a  minimum  of  31  85  to  492  per  cent. 
Since  the  percentage  of  voids  in  one  case  was  49,  to  obtain  the  maximum  density, 
using  this  aggregate,  the  mixture  should  be  almost  exactly  two  parts  of  mortar  and 
four  of  coarse  aggregate,  this  proportion  would  give  some  excess  mortar  in  all  of  the 
other  cases. 

The  fact  that  a  i  :  2  :  4  mixture  is  one  which  is  very  commonly  used,  and  a  large 
amount  of  data  may  be  found  for  comparison,  was  an  additional  reason  for  using  it 
in  these  tests. 

These  proportions  by  volume  having  been  selected,  the  equivalent  weight  of 
the  materials  for  these  proportions  was  determined,  and  throughout  the  series  of 
tests  all  materials  were  weighed  and  greater  accuracy  in  proportioning  thus  obtained. 
The  mixture,  however,  is  by  volume,  the  method  of  weighing  being  used  only  to  insure 
more  accurate  proportions. 

METHOD    OF    MIXING    SPECIMENS. 

A  quantity  of  material,  sufiicient  to  make  ten  cylinders,  was  mixed  at  one  time, 
the  sand  being  spread  in  a  flat  pile,  and  the  cement  placed  over  this.  The  two  materials 
were  turned  by  two  men  until  the  colour  appeared  to  be  uniform,  three  or  four  turnings 
being  required.  The  coarse  aggregate  was  then  shovelled  on  this  material,  and  the 
whole  turned  dry  three  times.  During  the  fourth  turn  a  weighed  amount  of  water 
was  added  from  a  sprinkling  can,  and  three  additional  turnings  given  the  mixture. 
During  the  last  three  turnings  small  quantities  of  water  were  added  as  needed,  until 
a  "  quaking  consistency  "  was  obtained. 

In  all  mixtures  an  attempt  was  made  to  secure  the  same  consistency  regardless 
of  the  amount  of  water  used.  For^this  reason  it  was  not  possible  to  use  a  mechanical 
mixer,  as  the  quantity  of  water  is  very  important,  and  in  mechanical  mixing  the 
material  may  be  made  too  Avet,  and  the  whole  batch  spoiled  for  laboratory'  purposes. 
It  is  noteworthy  that  care  must  be  used  to  obtain  the  correct  consistenc\-,  and  that 
the  addition  of  i  lb.  of  water  to  a  lo-specimen  mixture  would  give  a  consistencv 
too  wet,  usually  described  as  "  mushy,"  and  the  results  of  the  tests  would  be  un- 
satisfactory. 

587 


p.  J.  FREEMAN. 


[CDNCRETEJ 


i 

H 

1 

o 

■nj  'bs 

J3d  -q]  'q;8n3J?S 

00 

•o 

ta 

3 

o 

2 
3 

o 

re 

re 

n 

0» 

3 

OO 

35 

•• 

■* 

•ni  bs  jad  qi 

o-o-o 

00  lOOO 

U5  10-* 

00  CO  IN 

■^  ■^  »o 

f,O0C 

reS2 

co-*o 

kOCO  CO 
lOCOCO 

SS5 

—  oooo 

oooo  o 

OO-'J'OO 

rer^  -H 

40  ^  W3 

00  CD  CO 

OOO 

rerere 

OCM  00 

•-j-egre 
r^  ^  t^ 

OCOO 

egr^io 

cousr^ 

eg-*  CO 
r~o>o» 
03r^*o 

OtJ<00 

rerere 

O  «<00 

eor^  o 

OOOOO 
"5-W* 

•japntiitQ 
JO  jtiaia^ 

o 

"22  g'^S 

oooco 

oesi^; 

eg  «io   recMre 

2=- 

«u<re  — 

o»rec 

•wrere 

oeg« 

OOOOO 

g«2 

S::^ 

•^CMCM 

(&  CO  CO     CO  ^  <0  ( CD  CO  <0 

coco  CO 

in  ■*  lo  1  o> «»  OS 

CO  CO  CO  1  CO  CO  CO 

COCOCO 

CDCOiO 
CO  COO 

CMrere   r^cor. 
1^  t^  r*   CO  coco 

COCOCO 

sss 

COt~lO 

COCOCO 

OCSO 

t^cot» 

o>cia» 

COCOCO 

•japofiXQ  no  T[i9i^ 

ojtor^ 

•*00O 

cO»h. 

■»  — o 

-<— ICM 

QOre^   2221 

'<«•  CO  T»«   looao 

coo-«> 

oooo> 

"'X" 

re  — CO 

eg>oo 

1 

i 

•ui  be 
jad  qi  "q^anajig 
8Qtqsnj5  aSusAy 

CO 

re 

n 

re 

g 

CO 

s 

oo 

CO 
03 

re 

re 

•»" 

oo 

re 

«5 

oo 

«-- 

•nt  be  jad  -qj 

oc»o 
■»r>ncD 

rereco 

ooSo 

00(M 
OC«>C 

<ooo« 

•«>  CO  — 

■»'■<»<•«■ 

tO00'<»" 
Ot^CM 

OICOOO 

OCOCM 
CM  00  00 

•*  coco 

00  CM  CM 
00  CM  t^ 

cmO-O 

■fl-OOCO 

-^reo 
oor^Oi 

COO^ 

o  cooo 

2S^ 

^  ^  ■^ 

oreo 

Oreo 

—  reo 
'J*  ■*  -^ 

COCO-* 

OS  CO  00 

re-*re 

o  — o 

-<•  — CM 

coo  »o 
-<r  >o  -w 

•japniiito 
JO  ^qaia/ii 

6 

Oioo 

CJOiO 

OgU5 

ift'oOO 

-Hre—  •*o»»H 

'O'^Ol 

e«o»t^ 

■ncM-* 

reo»o 

tOOuO 

U5COO 

^  toco 

OCOCM 

ooo 

e<i(Mre 
<oco<o 

sss 

sss 

c^  N  re 

CO  CO  CO 

ScoS 

g§§ 

COCOCO 

COCOCO 

cecoco 

eg  eg  eg 

COCOCO 

oaosaa 

CO  CO  CO 

rerere 
cocoes 

sss 

s§§ 

OOO 
r^t^co 

•japtnjXQ  no  ^JV)^ 

t^usoo 

t^cDiC    MCOO 

-^■*co 

-Hioo> 

r^o>» 

core* 

re'Vt^ 

recot- 

re'^co 

"::S3 

j-^re 

reo»« 

■*ooo>  »255 

1 

■nt -bs 
jed  -qi  'q^aaaxjg 
2nrqgnJ3  aSsjaAy 

i 

CO 

SI 

s 

« 

■a 

CO 

re 

re 

00 

re 

re 

o 

re 
re 

1 

re 

s 

re 

i 

CO 

2 

re 

i      g 

re           re 

•ni  -bs  Jad  -q] 
'q;3uajig  Sntqsnjo 

(mSco 

CONO 
-^  o  -^ 

-HTJ*  CO 

CO  COM 

COMO 

re>fflO 
rjcocq 

rerere 

O^OOoO 
lO  CO  CO 

rerere 

CMI^OO 

rerere 

r^  cooo 
CO  egg 

C»  •<)<•«< 

—  coco 
rerere 

cooo^. 
coi^eg 
t^re-o 
eg  eg  CM 

CMOOO 

recMM 

■O->l<00 

rerere 

-•Mia 

>OCOO» 

reegre 

S2S 

—  oo 

OOOiJt 
CO  CO  CO 

•japmiXo 
JO  iqaia^V 

o 

cDCDtT 

■*°« 

■"gS 

=382 

reiMre 

O  —  CM 

00»40 

o 

CO  eg  00 

CMCM  ■* 

CMOOO    OOOOO 

rew^" 

coreg 

822 

CO  CD  CD 

sss 

§ss 

NreN 

COCOCO 

00  Ob  00 
CO  coco 

ScoS    ScOCO 

eg  CM  eg 

«Sio 

§g§3SS 

COCOCO 

§§§ 

gsg 

•japcrjiCQ  no  ^leyi 

r^soN 

"'SJiS 

ooo»- 

*^'?5 

"SS 

"C=s 

CSU50 

ccoco 

recooi 

"'SS 

t^coo 

e.«;eg 

^^S 

re 

•UT  -be 
jad  -qi  *q?3najis 
8ntqsnJ3  aawaAy 

s 
s 

CO 

2 

CO 

U5 

O 

re 

o 

CM 

i 

eg 

CO 
00 
CO 
CM 

00 

o 
eg 

eg 

eg 

o 

CO 
re 

*o 
eg 

§ 

ni  -bs  jad  -qj 
'q^Suaj^g  ^iqsnjQ 

~Cre   mrec^ic^oo  — 
cot^T  c<)  00 CO  ■«)■  CO  ce 
^*<t^re   -^ cs *c  1  CO  u5 r^ 

O  O  00 

■wreoo 

CO  CD  CO 
«  (N  CM 

Bil 

recvire 

iSI 

OI^CO 
—  lOCO 
OOO  CO 
CMMCM 

ggg 

oore 
eg  CM  CM 

OT(<re 

OOOCO 

■OOO 

00  »oeo 

oieg  o 

eg  ■*  re 
CMCM  eg 

•japntjiCo 
JO  ^qaiajvi 

s 

"2S 

O'^^f   oooo 

SS2'^  ooS 

COOU5 

CM  00  "5 

»S^ 

COU5O0 

reosoo 

o^co 

e^coo 

t»  •*■>»■ 

O300  00 

cOJJg 

M  fC  CM     CO-^ioUft^'^ 
(Ci  CD  CD     CD  CD  CD  !  CD  CD  <D 

ree^re   ioxsin'oooooo 

COCOCO     CO  CO  CO  '  CO  CO  CO 

CM  — eg 

COCOCO 

coccr^ 
COCOCO 

cgreeg 

CO  t^r- 

COCOCO 

CD  CD  CD 

■^COCO    CO  U5  CO  '  05  Oi  OS 
COCOCO    CD  CO  CD  1  CD  CD  CD 

COCOCO 

•japni[XQ  no  Jjiej^ 

-recsj-«c. 

Ot~00 

re rere  recot^lrereco 

—  CM           — iCM           ~C<1 

—  eg 

—  —  O 

—  CM 

"S^ 

"-^ 

csi  ^H  1-4   ^H»-<CM   cooeo 

-ss 

e 

H 

>• 

•ni  -bs 
jad  -qi  'q|3naj}g 
aniqsnjg  agBjaAy 

i 

■* 
s 

1 
eg 

00 

CO 

s 

eg 

2 

s 

O 

eg 

eg 
eg 

t^                 CM 

2        S 

CM                 ^ 

re 

s 

00 

■ni  -bs  jad  -qj 
'q:)3naj}g  anxqsiuo 

T^  00  00 
OSOS  CS 

ocoes 

C<)0OCD     CO  00  00  1  OO '— 00    t^-O-^ 

^H*^^   -^  cj  M  1  CO  ■**«  ec   t^ooos 

CQCOOS     CO '-^  Ol     CM  1-HM     -^  CO  *c 
C^CN)<-i     CMCM«|CMCQCM     C^JCMC^ 

iCCOO 

cqe-iCM 

oore-* 

CMCM?1 

reoco 

32^ 

oireco 
2So 

reocM 

OSO  05 

r^  oo  r^ 

o  — eg 

—  CMCM 

O  CO  ■^     1—11/5  1/5 
'-^  ^^CM    O  00  O 

OOO 
COt-~t~ 

g2§ 

oooot~- 

•japnnXo 
JO  %^■S]3^ 

o 

ooore 

oeooo  "^^"^   S^^**   2I"2I**^2^ 

■O"^  — Irego 

00  — re 

g'-2 

8g« 

ggg|2se 

OOOOO  —«^o 

(MNre 

CO  CO  CO 

cocdcdcdcdcdUdcocd 

lO  i-t  ^    Oi  00  00 

CO  CO  CO    CO  coco 

CMCM  — 
COCO  CO 

CO  'O  CD  i  CM  CO  CM 

CD  CO  CD   t^  r*  t* 

oooot^ 

COCOCO 

a»ooos're-<)<M  <oocoloj»—  o»e>c» 
COCOCO, coco9ocococO|Cocor-   co  co  co 

•japntjita  no  ^jj^^ 

0&  00  Oi  .  Od  00  00 

OJQOI^ 

«23§j 

CMMOO    CSlNCg 

CM  CM  CM 
—  CM 

^2;^ 

eg  CM  CM 

eg  eg  CM 

—  CM  eg 

—  egegegcM  —  I  — cot^ 
—  CM        —eg 

"  — eg 

•pas.1  iBuajBj^  ni 

<» 

s 

9 

X5 

re 

oO 
ui 

re 

»o 
oo 

re 

CO 

8 

CM 

S 

o» 
re 

re 
eg 

•o 

CO 

"5 

eg 

o 

oo' 
« 

•pasri  1EIJ*)BI^  JO 

"5 

re 

s 

o 

JO 

o 

CO 

00 

s 

o 
o» 

o 

o 
o 

00 

s 

.2 

o 

o 

4 

si 

Q 

o 

'i 

^  o 

§ 

1 

4 

o 

o 

> 

CO 

a 
W 

^<2 
n 

o 

o£ 

J.: 

< 

Mi 

s 

1 

1 

o 
cog 

a 

o  >» 

o 

o 

ill" 

o 

•0 

iCiojcjoqcq  •'j  • 

1-d 

o 

i 

o 

00 

o 
re 

00 

o 

00 

o 

•<9< 
00 

00 

o 

00 

o 

00 
00 

o 
c» 

00 

1 

00 

o 

00 

o 

CM 
■O 

00 

o 

00 

o 
>o 

£5 

ao 

588 


a^  CONyrKUCTlC»MAC| 
A  ENGlT>JEEJglNG  — J 


TESTS  OF  BLAST  FURNACE  SLAG 


METHOD    OF    MOULDING    SPECIMENS. 

The  specimens  were  made  in  steel  moulds  8  in.  in  diameter  by  i6  in.  high.  The 
concrete  was  poured  into  these  moulds  in  layers  4  in.  thick,  and  each  layer  tamped, 
or  puddled  thirty  times  with  a  |-in.  round  rod.  After  the  second  and  fourth  layers, 
the  sides  were  spaded  with  a  large  trowel.  These  cylinders  were  finally  finished  at 
the  top  by  spading  with  a  small  trowel  to  form  a  smooth  upper  rim,  and  a  piece  of 
plate  glass  placed  on  top,  to  form  a  smooth  surface.  Since  the  concrete  would  settle 
slightl}^  after  a  few  hours,  it  was  necessary  to  cap  the  top  of  the  specimen  with  plaster 
of  Paris  and  cement  and  again  place  the  plate  glass  on  the  cap  to  make  a  smooth 
surface. 

The  specimens  were  kept  in  the  moulds  for  forty-eight  hours,  and  then  stored  in 
damp  sand  for  thirty-live  days  or  until  tested.  At  the  end  of  this  time  all  specimens 
were  removed  and  stored  in  air.  Four  short  pieces  of  reinforcing  steel  were  embedded 
in  each  of  two  c^dinders  from  every  batch. 

These  pieces  were  3,  6,  9  and  12  in.  long,  and  were  cut  from  i-in.  twisted  rein- 
forcing bars  ha\'ing  the  following  chemical  analysis  : 

Per  cent. 
Carbon  ...  ...  ...  ...  ...  ...     0-20 

Manganese      ...  ...  ...  ...  ...  .--     0-45 

Phosphorus     ...  ...  ...  ...  ...  ...     o-oi8 

Sulphur  ...  ...  ...  ...  ...  ...     0-046 

These  specimens  will  be  examined  at  the  end  of  the  five-year  period  to  determine 
the  corrosive  action  of  the  aggregates. 

Specimens  marked  i  to  10  were  made  at  one  time,  as  were  1 1  to  20  and  21  to  30. 
The  results  up  to  one  year  are  shown  in  the  accompanying  large  table. 

DISCUSSION    OF    RESULTS. 

(i)  Some  of  the  materials  required  more  careful  placing  in  the  moulds  than 
others  in  order  to  obtain  perfect  specimens  and  to  insure  all  specimens  being  smooth 
on  the  outside  when  the  moulds  were  removed ;  a  greater  amount  of  time  and  labour 
was  employed  than  would  be  the  case  if  the  specimens  were  prepared  in  the  field. 
The  crushing  strengths  were,  probably,  also  made  somewhat  higher. 

Each  specimen  received  exactly  the  same  treatment,  and  all  data  should  be 
comparable. 

(2)  The  length  of  time  during  which  this  series  of  tests  has  been  conducted  does 
not  warrant  the  drawing  of  any  definite  conclusions,  but  a  general  uniformitv  of  the 
results  of  the  crushing  tests  of  the  concrete  may  be  observed. 

(3)  It  will  be  noted  that  about  one-half  of  the  tests  of  the  slag  concrete  were 
made  using  slag  produced  by  the  quick-cooling  process,  in  pits,  in  which  the  slag 
is  shipped  within  a  few  days  from  the  time  it  comes  from  the  furnace,  and  the 
remainder  from  slag  which  had  been  seasoned  in  banks  for  a  period  of  six  months  in 
some  cases  and  as  much  as  15  years  in  one  case. 

(4)  Slags  coming  from  furnaces  manj^  hundred  iniles  apart,  varying  quite  widely 
in  chemical  analyses,  and  also  varying  considerably  in  the  weight  per  cubic  foot,  do 
not  vary  in  strength  in  proportion  to  either  the  weight  or  percentage  of  any  chemical 
constituent. 


5S9 


AMERICAN  CONCRETE  INSTITUTE. 


^^KCCTEj 


RECENT     VIEWS     ON    1 
CONCRETE    &    REIN- 
FORCED    CONCRETE. 


Recent  Papers  and  Discussions. 


[The  following  P^per  ivds  read  at  the  last  meeting  of  the  American  Concrete  Institute.— ED. 


THE  AMERICAN  CONCRETE  INSTITUTE. 

SOME  EXPERIENCES   ON   THE  VERMILION 
CONCRETE  ROADS, 

By  P.  C.  McARDLE.* 

When  Vermilion  County,  Illinois,  determined  to  build  its  system  of  count}"  roads  by 
means  of  an  issue  of  bonds  in  November,  191 4,  it  had  already  been  determined  after 
consultation  with  the  State  Highway  Department  and  the  State  Highway  Engineer 
of  Illinois  that  the  types  of  road  on  this  system  should  be  either  of  Portland  cement 
concrete  or  of  cement  grouted  brick  on  concrete  base. 

The  superintending  of  the  actual  design  and  construction  of  this  system  of  roads 
devolved  upon  me.  I  shall  not  take  your  time  up  with  any  academic  discussion  of 
the  ordinary  methods  of  concrete  road  building,  but  will  discuss  only  some  of  those  of 
design,  construction,  and  inspection  of  materials  and  workmanship  which  are  dis- 
tinctively those  developed  in  this  county. 

In  1916  our  designs  of  right  angle  turns  provided  for  a  minimum  of  50  ft.  radius 
with  4  in.  super-elevation  on  the  centre  of  curve  tapering  to  zero  at  P.C.  and  P.T. 
respectively.  Experience  has  pro\'ed  that  the  minimum  should  be  100  ft.  radius  and 
with  a  minimum  of  6  in.  super- elevation  carried  from  P.C.  to  P.T.  and  tapering  on 
tangent  to  zero.  On  T  intersections  curves  are  carried  where  possible,  100  ft.  radius 
and  tapering  as  before,  leaving  an  angle  unpaved  between  the  roads,  as  traffic  on  roads 
previously  built  showed  no  sign  of  using  this  angle.      (See  Fig.  i). 

The  original  design  required  that  an  edger  of  2  in.  radius  should  be  used  on  each 
side  of  the  concrete  pavement  and  a  ^  in.  radius  upon  edges  adjacent  to  felt  joints 
Experience  has  shown  that  for  the  protection  of  the  concrete  pavement  both  at  the 
joints  and  on  the  sides  these  have  proved  wise  proxisions. 

Our  entire  system  of  roads  was  originally  divided  into  nine  divisions  of  approxi- 
mately 19  miles  each,  and  contracts  were  let  accordinglv.  A  division  engineer  was 
assigned  to  take  charge  of  each  division  and  with  such  assistance  as  he  might  need  to 
properly  carry  on  the  work  of  engineering  and  inspection,  and  he  was  required  to  give 
his  entire  time  and  attention  to  the  work.  Each  division  engineer  was  furnished  with 
a  complete  set  of  sieves,  scales,  necessary  to  make  field  inspection  of  coarse  and  fine 
aggregates,  as  well  as  transit  fitted  with  level  bubble,  etc.,  and  if  in  doubt,  could  refer 
any  sample  to  our  laboratory  at  Danville. 

On  several  of  these  divisions  crushed  stone  was  used.  In  these  cases,  each  carload 
of  aggregate  was  loaded  in  the  presence  of  our  inspector  and  a  test  made  thereon 
before  material  was  shipped,  and  as  a  result  there  is  on  file  in  our  office  at  Danville  a 
test  report  of  1,860  carloads  of  such  material  delivered  during  the  vears  1916  and  1917 


*  Superintending  Engineer  Vermilion  County  Roads,  Danville,  111. 
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which  show  astonishingly  uniform  results.  The  aim  of  the  department  was  to  com, 
pletely  inspect  all  material  called  for  in  the  specifications  and  contract  thoroughly- 
Reports  of  all  inspections  were  required  to  be  made  by  the  di\'ision  engineer  to  the 
■office  of  the  superintending  engineer,  and  all  such  reports  are  there  kept  on  file. 

So  far  as  I  know,  little  has  been  done  heretofore  by  the  engineering  profession  in 
the  matter  of  obtaining  accurate  data  on  the  temperatures  upon  which  concrete  roads 
have  been  placed,  but  here  a  record  of  the  temperature  of  the  atmosphere  and  oft  he 
wet  concrete  in  place  is  required  for  every  loo  ft.  station  on  the  roads.  A  record  of 
the  amount  of  cement  used  in  each  individual  station  is  also  required  and  furnished 
from  dav  to  dav  to  the  oftice. 


hP.-a.. 


one  on  each  tenth  car. 


Fig.  1.     Mkthod  of  Making  a  T  Intersection. 

Cement  is  tested  under  a  contract  with  an  engineering  laboratory  after  competitive 
■bids.  These  tests  are  required  to  be  made  on  each  carload  of  cement  shipped.  Samples 
are  taken  from  cars  at  the  plants  and  cement  is  held  until  preliminary  tests  are  made. 
The  following  are  the  requirements  of  the  contracts  for  testing  cement  : — 

Chemical  Tests  : 

I  insoluble  residue  ^ 

I  loss  on  ignition 

I  magnesia  (MgO) 

I  calcium  sulphate  (CaSO)    ' 

Physical  Tests  : 

I  boiling  test  from  each  tenth  barrel. 

I  setting  test  from  each  tenth  barrel. 

I  fineness  on  a  mixture  of  samples  from  each  carload. 

3  tensile  tests    neat      7  days    ] 

'  '}     Z     "        -   on  a  mixture  from  each  carload. 
3        ,,  ,,       neat    28      ,,        . 

3        ..  ,.        I  :  3  28      „        ) 

Test  reports  are  made  to  the  superintending  engineer  of  Vermilion  County  Bond 
Roads,  Danville,  Illinois,  and  to  the  State  Highway  Engineer,  Springfield,  Illinois. 
Tests  are  conducted  according  to  the  methods  laid  down  in  Circular  33,  U.S.  Bureau 
of  Standards.  Tests  are  made  at  the  respective  plants  as  set  forth  in  contract  with  the 
County  of  V^ermilion. 

A  record  is  also  kept  and  forms  are  furnished  for  the  purpose  of  showing  portion  of 
slab  covered  and  how  much  sprink'ed  each  day,  and  if  not,  why  not. 

In  addition  to  the  tests  made  by  the  testing  company  division  engineers  are 
required  to  furnish  samples  for  test  from  every  tenth  carload  received  on  the  division. 
These  samples  are  placed  under  test  in  our  own  laboratory  at  Danville  to  check  against 
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Fig.  2.     Standard  Road  Roller  for  Vermilion  County  Concrete  Roads 


the  test  made  by  the  engineering  company.  In  addition,  the  local  representative  of 
the  Illinois  State  Highway  Department  is  also  privileged  to  take  samples  of  cement, 
coarse  or  fine,  and  send  them  to  Springfield  to  the  State  testing  department  for  test  and 
report. 

In  the  placing  of  concrete  road  under  Section  74  of  the  contract,  which  required 
that  the  finishing  should  be  done  with  wood  floats,  it  was  found  practically  an  impossi- 
bilit}^  to  prevent  the  ordinary  worker  or  even  the  expert  finisher  from  making  hollow 
spaces  in  the  concrete  road,  and  on  work  where  crushed  stone  aggregate  was  used  it 
seemed  to  require  too  much  physical  exertion  to  bring  sufficient  mortar  to  the  surface. 
Section  74  is  as  follows  :  "  After  the  surface  of  the  concrete  roadway  has  been  struck 
off  to  the  proper  cross-section,  it  shall  be  finished  with  wood  floats.  The  wood  floats 
shall  be  used  only  to  flush  mortar  to  the  porous  places  in  the  surface,  and  great  care 


Fig.  3.     One  Type  of  Handfi.oat  csedIin  VermilionJCountv 
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must  be  taken  not  to  rub  hollow  places  in  the  surface.  The  wood  float  finish  shall  be 
made  as  soon  after  the  concrete  has  been  deposited  as  possible,  and  in  no  case  shall  the 
finishing  be  delayed  until  the  concrete  has  taken  a  set." 

Appeals  to  inspectors  or  to  division  engineers  and  injunctions  to  the  contractor 
failed  to  make  enough  impression  to  get  the  work  done  as  it  ought  to  be.  Accordingly 
it  was  early  determined  to  use  other  de\-ices.  Our  experience  indicated  that  the  use 
of  the  hand  float  or  the  long  handle  float  with  a  circular  rotary  motion  was  an  ideal 
method  of  making  water  pockets  in  the  pavement.  It  was  found  that  the  tendency  on 
every  job  was  to  add  too  much  water  to  the  mix,  and  this  latter  finally  determined  us 
to  experiment  with  other  devices  with  a  view  to  eliminating  these  defects.  Accordingly 
belts  were  tried  in  conjunction  with  the  long  handle  float  with  the  requirement  that 
the  long  handle  float  should  be  used  only  in  a  transverse  direction  across  the  slab.  A 
combination  of  the  belt  and  long  handle  float  used  in  this  manner  improved  the  work 
somewhat,  but  was  not  entirely  satisfactors'. 


Fig.  4-     Two  Types  of  Hasdfloats  for  Vermilion  Col'.stv  Concrktb  Roads. 
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Accordingly  it  was  determined  to  try  a  roller  of  the  type  designed  by  Colonel 
Gaillard,  City  Engineer  of  Macon,  Ga.  (Details  of  the  float  and  roller  are  shown  in 
Figs.  2  to  4).  On  our  widths  of  road  this  type  of  roller,  in  conjunction  with  the  long 
handle  float,  proved  an  immediate  and  unqualified  success,  and  since  that  time  every  one 
of  the  contractors  has  purchased  a  roller  and  long  handle  float  for  this  purpose 
although  not  required  to  do  so  by  the  contract  or  our  specifications.  The  roller  gives 
better  work  in  many  other  respects,  not  the  least  of  which  is  the  elimination  ot  hair 
cracks  due  to  high  wind  or  heat,  or  both,  in  addition  to  preventing  the  hollow  spots 
referred  to  before,  caused  by  the  circular  motion  of  either  short  or  long  handle  floats. 

I  have  personally  driven  over  miles  of  road  finished  with  the  roller  and  long  handle 
float  immediately  after  a  rain  and  have  not  found  as  much  as  one  depression  upon  the 
entire  distance. 

Our  contract  in  regard  to  joints  in  concrete  roads  requires  that  "  whenever  the 
temperature  of  the  atmosphere  exceeds  70°  F.  joints  shall  be  provided  at  intervals  ol 
200  ft.  Whenever  the  temperature  is  less  than  70°  F.  joints  shall  be  provided  at 
interval   of  100  ft." 

Whether  due  to  the  fact  that  the  concrete  placed  at  the  lower  temperature  was 
better  concrete  (all  were  laid  with  equal  care  and  supervision),  or  from  the  fact  that 
the  joints  were  spaced  closer,  it  is  a  fact  that  fewer  cracks  have  occurred^in  the  concrete 
roads  when  the  joints  were  placed  100  ft.  apart  than  when  placed  200  ft.  apart. 
Placing  joints  as  designed  was  decidedly  empirical,  as  there  was  no  general  agreement 
between  engineers  but  rather  a  radical  difference  on  the  question  whether  joints 
should  be  used  at  all  in  rigid  types  of  road. 

After  considerable  experience,  both  in  the  State  Highway  Department  of  Illinois 
and  as  superintending  engineer  of  Vermilion  Count}',  I  have  no  hesitation  now  in 
saying  that  joints  should  be  placed  much  more  frequently  and  of  a  wider  type  than 
recommended.  The  spacing  and  thickness  of  joints  as  shown  in  this  section  of  our 
specifications  was  based  only  upon  the  coefficient  of  expansion  of  concrete  due  to 
heat  alone  and  for  a  range  of  60°  F.  Expansion  due  to  moisture  or  crystallisation 
was  not  considered,  and  while  this  has  not  yet  been  definitely  determined  there  is 
strong  evidence  bearing  on  the  subject  from  several  sources  that  expansion  due  to 
moisture  content  is  as  great  or  greater  than  that  due  to  heat,  and,  accordingly,  I  believe 
a  sufficient  number  of  joints  should  be  made  to  prevent  any  stresses  in  the  slab  due 
to  expansion  from  either  moisture  or  crystallisation  or  expans  on  due  to  heat  or  both. 
W'hile  the  concrete  slab  may  within  itself  be  strong  enough  to  resist  internal  stresses 
due  to  expansion  once  in  awhile,  there  can  be  very  little  doubt  that  repeated  internal 
stresses,  however  slight,  destroy  the  cohesion  and  adhesion  of  the  aggregates  in  a 
concrete  structure  if  adequate  provision  is  not  made  for  such  expansion. 

Fifty  miles  of  the  concrete  roadways  of  Vermilion  County  have  now  been  in 
service  two  seasons,  and  although  I  do  not  believe  the  work  was  nearly  as  well  done  as 
in  1917,  they  have  given  very  good  satisfaction  and  show  small  signs  of  deterioration. 
Repeated  examinations  of  the  roller  completed  roads,  however,  show  an  exceedingly 
more  dense  surface. 
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GLEANINGS    FROM    THE    ENEMY    PRESS    REGARD. 
ING     CONCRETE     AND     REINFORCED     CONCRETE. 

It  has  been  deemed  advisable  that  some  particulars  of  the  trend  of  enemy  activities 
in  technical  matters  should  be  knoiun  in  this  country.  The  folloiving  extracts 
taken  from  the'  Enemv  Press,  are  partly  from  " Beton  und  Risen"  and  partly 
from   other  enemy  papers,    'With  the  vieiv  of  keeping  our  readers  posted  as  to  ivhat  is 

occurring  in  these  matters.— ED. 


DOES  THE  CRUSHING  STRENGTH  REALLY  SHOW  THE  QUALITY 

OF  CONCRETE? 

In   a  paper  recently  published  in  Beton  und  Eisen,   by  Dr.    Emperger,  the  question 

is  raised  as  to  whether  the  crushing  strength  of  a  concrete  is  a  true  indication  of  its 

quality.     According  to  a  widespread  custom,  specifications  demand  that  the  cement 

or  concrete  shall  attain  a  given  crushing  strength  after  one,  four,  or  six  weeks.     The 

result  is  that  preference  is  given  to  fat  mixtures  which  rapidly  develop  a  high  crushing 

strength  regardless  of  their  durability.     Why,  for  example,  should  a  concrete  with  a 

crushing  strength  equal  to  that  of  average  brickwork  be  regarded  as  useless,  and  what 

purpose  (other  than  the  necessity  of  a  rapid  test)  is  there  in  insisting  on  so  high  a 

crushing  strength  in  so  short  a  time  ?     Unless  there  is  some  underlying  reason  of 

great  and  permanent  value  this  practice  of  expecting  a  rapidly  developed  and  excessive 

resistance  to  crushing  may  have  serious  consequences.     A  softer  concrete  of  much 

lower  crushing  strength  than  the  customary  2,380  lb.  per  sq.  in.  has  a  greater  elasticity 

and  is  far  less  brittle  than  standard  concrete  and  is  consequently  less  liable  to  be 

cracked  under  ordinary  conditions  of  use,  nor  is  it  even  likely  to  reach  this  brittle 

condition. 

It  is  an  error,  common  to  all  specifications,  to  assume  that  the  factor  of  safety  of 
a  structure  may  be  increased  to  an  unlimited  extent  by  the  use  of  concretes  giving 
high  crushing  tests.  Cement  alone  is  useless  as  a  building  material,  notwithstanding 
its  high  crushing  strength,  and  the  value  of  concrete  lies  in  the  addition  of  the  aggregate 
so  as  to  form  a  combination  without  the  defects  of  either  constituent  alone. 

Among  other  serious  defects  of  very  fat  concretes,  the  one  on  which  attention  has 
specially  been  concentrated,  is  the  shrinkage.  To  avoid  this,  as  well  as  to  prevent  a 
wanton  wastage  of  cement,  it  is  necessary  to  avoid  an  excessive  proportion  of  cement 
in  the  concrete.  A  further  disadvantage  in  the  use  of  too  rich  a  concrete  is  the  manner 
in  which  it  cracks  some  time  after  its  completion.  These  cracks  occur  in  spite  of  the 
high  crushing  and  high  tensile  strengths  of  the  concrete  and  are  as  noticeable  in  solid 
ground  floors  as  in  beams  and  other  structures,  so  that  they  are  quite  independent  of 
the  external  strains  to  which  the  concrete  may  be  subject.  When  a  lean  concrete 
cracks — which  is  much  less  frequently  than  a  rich  one — the  cracks  distribute  them- 
selves so  uniformly  throughout  the  material  that  they  are  not  nearly  so  serious  as  the 
larger  fissures  in  a  rich  mixture.  Moreover,  a  lean  concrete  which  only  attains  its 
maximum  strength  very  slowly  will  yield  to  any  settlement  strains,  whereas  a  richer 
and  quickly  maturing  concrete  can  only  relieve  itself  by  unsightly  and  sometimes 
dangerous  cracks.  A  further  advantage  of  lean  concrete  is  that  it  can  be  repaired 
more  satisfactorily. 

According  to  Dr.  Emperger,  the  present  practice  of  demanding  high  crushing 
tests  would  be  abandoned  if  a  careful  and  authoritative  investigation  were  to  be  made 
on  the  lines  of  Bach's  experiments.  In  his  opinion  the  extended  use  of  lean  concretes 
is  not  merely  a  means  of  reducing  the  cost  of  construction,  but  it  is  to  be  recommended 
for  scientific  and  technical  reasons.  This  being  the  case,  it  is  foolish  to  close  one's 
eyes  to  the  facts,  when  once  they  have  been  ascertained,  and  the  sooner  the  advantages 
of  lean  concrete  are  known  the  better  will  it  be  for  all  concerned 
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THE  ANNUAL   REPORT   FOR  1917   OF   THE  GERMAN  CONCRETE  ASSOCIATION. 

This  Report  contains  numerous  references  to  technical  matters  relative  to  the  use  of 
concrete  for  military  purposes  and  the  outlook  Avith  respect  to  reconstruction  and 
the  charges  which  may  be  expected  to  occui  in  the  use  of  reinforced  concrete  in  various 
industries.  It  also  deals  with  numerous  commercial  and  social  matters  relating 
to  the  industry — a  welcome  addition,  as  these  important  subjects  have  not  hitherto 
recei\^ed  the  attention  they  deserve.  The  technical  section  of  the  Report  contains 
an  important  paper  by  Dr.  Birkenstock,  who  has  inspected  numerous  reinforced 
concrete  structures  in  the  war  zone,  and  reports  that  reinforced  concrete  is  better 
than  any  other  building  material  for  affording  protection  against  shot  and  shell 
fire.      (Details  cannot,  of  course,  be  published  at  present.) 

The  GeiTTian  Committee  for  reinforced  concrete  has  instituted  investigations 
(at  a  cost  of  /i5,ooo)  on  the  shearing  stresses  in  fiat  beams,  and  the  development 
of  large  slabs  of  material  pierced  for  openings  where  necessar\',  and  other  researches 
on  parts  of  buildings  which  are  supplied  ready-made  in  reinforced  concrete,  the 
preparation  of  a  mortar  to  close  tension  cracks  effectively,  corrosion  experiments 
and  researches  on  concrete  ships.  The  Association  decided  not  to  proceed  with  a 
proposal  to  stiffen  the  specification  of  the  metallic  reinforcement.  It  has  devoted 
some  attention  to  the  production  of  standards  for  slag  cement,  the  addition  of  trass 
to  cement  and  to  numerous  other  technical  matters.  It  has  made  an  official  pro- 
nouncement on  the  much-debated  subject  of  grain  silos,  has  collected  information 
from  all  its  members  on  the  use  of  concrete  in  building  ice-stores  and  has  investigated 
the  destruction  of  concrete  by  gas-water. 

In  the  technical  portion  of  the  Report  are  short  summaries  of  the  investigations 
made  by  the  various  technical  committees.  These  were  naturally  limited  by  the 
condition  of  affairs  at  that  time,  due  to  the  war,  and  a  large  part  remains  incomplete. 
Only  those  investigations  which  are  definitely  connected  with  the  war  have  made 
definite  progress.  A  special  report  was  made  of  a  "  Study  of  the  Possible  Uses  of 
Concrete  in  Fortifications  and  Supports,''  by  Dr.  Birkenstock,  who  has  visited  a 
number  of  reinforced  concrete  structures,  and  who  has  published  therein  the  instruc- 
tive conclusions  he  has  reached  with  respect  to  the  behaviour  of  concrete  when  sub- 
jected to  the  action  of  shot  and  explosives.  A  smaller  committee,  by  favour  of 
General  Bock  in  Brussels  and  Admiral  Schroder  in  Brugge,  inspected  the  buildings 
in  Belgium  right  up  to  the  furthest  scene  of  operations.  This  inspection  was  made 
under  the  guidance  of  Privy  Councillor  Lorenz-Meyer  and  also  afforded  an  oppor- 
tunity of  examining  a  series  of  important  civil  structures  commandeered  for  war 
purposes.  It  must  suffice  for  the  present  to  say  that  the  result  was  entirelv  favourable 
to  reinforced  concrete  and  showed  that  reinforced  concrete  behaves  better  than  anv 
other  building  material  and  affords  protection  against  the  heaviest  grenades  and 
shells.  The  complete  report  of  the  investigation  cannot  be  published  until  after 
the  war. 

A    REINFORCED    CONCRETE    ROOF    COLLAPSES. 

A  factory  building,  23  ft.  wide  internally,  was  covered  with  a  saddle-back  roof 
having  a  vertical  height  of  4  ft.  between  the  ridge  and  eaves.  Three  tie-beams 
of  23  in.  by  12  in.  cross-section,  placed  about  17  ft.  apart,  supported  a  roof  of  hollow 
blocks  3j  in.  thick  covered  with  a  2  in.  layer  of  reinforced  concrete.  The  ends  of 
the  tie-beams  rested  on  a  ledge  loj  in.  wide  at  the  top  of  the  walls  of  the  building,  the 
walls  being  I5jin.  thick.  Under  each  tie-beam  was  a  wall-plate  2iin.  thick  and  3  ft. 
■wdde.  The  building  was  erected  by  a  contractor  who  sub-let  the  concrete  work  to 
another  firm  who  had  specified  the  dimensions  of  the  tie-beam,  and  this  specification 
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had  been  approved  bv  the  local  authority.  In  it  the  tie-beams  were  designed  as 
horizontal  beams  Iving  freely  on  two  supports,  but  no  allowance  was  made  for  the 
horizontal  shear  (which  was  bound  to  result  from  the  bent  form)  or  for  the  best 
■development  of  the  shoulder. 

The  roof  was  concreted  between  May  loth  and  21st.  According  to  regulations 
the  tie-beams  should  remain  enclosed  in  the  shuttering  for  three  weeks  and  the 
joists  for  a  fortnight  longer,  but  the  whole  of  the  shuttering  was  removed  on  June  7th, 
and  half  an  hour  after  the  roof  began  to  collapse.  Fortunately  this  was  seen  at  once, 
so  that  the  men  were  able  to  escape  and  no  one  was  injured.  The  shoulders  of  the 
tie-beams  were  completely  destroyed  ;  the  concrete  was  wet  and  contained  numerous 
hollows  ;  it  was  also  too  soft.  The  walls  were  forced  outwards  and  had  to  be  rebuilt. 
The  two  contractors  willingly  undertook  to  do  all  the  necessary  repairs  and  rebuilding 
free  of  charee. 


CONCRETE    SHIPS. 

The  Concrete  Shipbuilding  Co.,  of  Hamburg,  has  accepted  an  order  for  a  floating 
■dock  240  ft.  long,  83  ft.  wide  internally,  and  113  ft.  externally,  with  a  capacity  of 
5,760  tons.  This  dock  is  one  of  three,  the  total  length  of  which  will  be  720  ft.,  and  the 
total  capacity  18,000  tons.  The  ends  are  calculated  to  carry  a  load  of  80  tons  per  yd., 
whilst  the  centre  is  designed  for  a  load  of  150  tons  per  yd. 


LIGNO-CONCRETE. 

In  the  August  issue  of  Beton  u.  Eisen  reference  is  made  to  the  use  of  ligno-concrete 
for  building  cheap  houses.  Wood  is  used  as  the  reinforcement  to  the  concrete.  The 
wood  may  be  of  otherwise  little  or  no  building  value,  such  as  small,  peeled  unseasoned, 
round  pieces.  These  must  be  completely  buried  in  the  concrete.  Both  the  inner 
partition  walls  and  the  roof  are  constructed  in  this  way  :  but  for  the  latter  small- 
meshed  wired  netting,  nailed  on  the  underside,  is  used  and  the  concrete  is  made  some- 
what stronger.  A  specimen  cottage  built  by  Ph.  Gelius,  architect  to  the  Local  Com- 
mission at  Munich,  has  been  approved  by  the  authorities. 


CONCRETE    IN    SEA    WATER. 

In  Hansa  (September  14th)  it  is  reported  that  German  authorities  are  of  opinion 
that  no  protective  composition  is  necessary  for  the  hulls  of  reinforced  concrete  ships. 
German  (jovernment  tests  on  works  on  the  island  Sjdt  confirm  this  view.  No  growths 
have  occurred  on  concrete  constructions  with  smooth  surfaces. 
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Under  this  heading  lue  invite  correspondence. 


CONCRETE-SHIP    BUILDING    YARDS. 

To  the  Editor  of  Concrete  and  Constructional  Engineering. 

Sir, — At  the  present  time  when  strenuous  efforts  are  being  made  by  the  Empire 
as  well  as  her  Allies  to  overcome  the  loss  of  shipping  due  to  the  action  of  the  German 
U-boats,  it  is  much  to  be  regretted  that  in  several  of  those  shipbuilding  yards  in  the 
United  Kingdom  where  concrete  ships,  etc.,  are  being  constructed,  there  is  a  marked 
indifference  on  the  part  of  nearly  everybody  concerned  to  the  necessity  of  safe- 
guarding the  plant  and  ships  in  building  from  the  ravages  of  fire. 

It  will  be  conceded  by  all  that  there  is  a  considerable  quantity  of  timber  used 
in  the  construction  of  these  vessels  in  the  way  of  forms  or  shuttering  and  scaffolding. 
This  constitutes  a  serious  fire  risk,  to  which  must  be  added  the  large  amount  of  wood 
shavings  and  waste  incidental  to  such  work.  In  addition  there  are  the  saw  mills 
and  joinery  shops  in  which  the  greater  part  of  the  woodwork  is  prepared,  and  these 
have  their  own  severe  fire  hazard.  More  often  than  not  such  shops  are  contiguous 
to  the  slipways,  so  that  a  fire  in  either  the  workshops  or  slipways  would  easily  and 
readily  spread  from  one  to  the  other  so  that  the  whole  of  the  shipyard  would  be 
jeopardised. 

Cannot  something  be  done  to  awaken  the  proprietors  of  the  yards  to  the  necessity 
of  so  designing  them  and  providing  them  with  fire  appliances  that  should  such  a 
dire  event  happen,  as  assuredly  it  will  unless  immediate  steps  are  taken  to  remedy 
these  defects,  the  fire  would  be  confined  to  one  small  portion. 

Not  only  is  it  desirable  to  urge  these  important  considerations  on  the  owners, 
but  their  employees  from  the  chief  to  the  humblest  of  the  staff  should  be  impressed 
with  the  importance  of  the  necessity,  at  this  time  of  the  country's  need,  of  exercising 
the  greatest  care  to  prevent  such  a  calamity  arising. 

Probably  the  fact  that  the  ships  are  being  constructed  of  concrete,  which  is 
generally  considered  as  being  "  fire  proof  "  has  something  to  do  with  this  neglect, 
but  this  idea  .should  be  put  entirely  out  of  mind,  and  serious  attention  given  to  the 
points  raised  above.  , 

Yours  truly, 

Forewarned,  Forearmed. 


THE    CORRECT    PROPORTIONING    OF    CONCRETE. 

To  the  Editor  of  Concrete  and  Constructional  Engineering. 

Sir, — Being  very  interested  in  the  subject  of  "  corrected  "  concrete — which  was 
dealt  with  bv  Messrs.  Johnson  and  Kingston  in  your  September  issue — and  feeling  that 
the  matter  is  an  important  one,  I  would  like  to  deal  with  one  or  two  points  raised  by 
Mr.  Cecil  H.  Desch  in  his  letter  which  was  published  in  your  last  issue. 

Mr.  Desch  gives  an  excellent  illustration  of  the  need  for  a  properly  graded  aggre- 
gate, and  there  is  no  doubt  whatever  that  research  work  is  necessarv  to  determine  the 
proportions  and  methods  of  mixing  in  order  to  obtain  as  dense  a  concrete  as  possible, 
but  at  the  same  time  the  results  obtained  by  Messrs.  Johnson  and  Kingston,  while 
praiseworthy  as  indicating  investigation  in  this  important  matter,  cannot  be  considered 
as  conchisive  because  the  proportion  of  water  used  in  mixing  was  not  constant. 

The  very  interesting  papers  on  Concrete  in  Sea  Water  by  Messrs.  Wig  and  Ferguson 
are  referred  to  by  Mr.  Desch  in  support  of  his  remarks,  but,  if  I  may  be  allowed  to  quote 
a  few  sentences  from  the  article  by  these  gentlemen  in  the  October  issue,  1  think  it  will 
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be  seen  that,  although  correct  proportions  are  important,  the  quantity  of  water  used 
in  mixing  is  a  factor  which  will  determine  the  density  and  strength  of  the  concrete.  The 
sentences  referred  to  are  as  follow  : — "  The  amount  of  water  used  in  mixing  is  of  e\-en 
greater  importance,  perhaps,  than  the  proportioning  of  the  concrete.  This  is  particu- 
larly true  for  sea  water  work."  "  The  effect  of  the  consistency  employed  on  the  ability 
of  the  concrete  to  resist  sea  water  action  was  forcibly  emphasised  in  many  instances 
during  the  examination  made  bv  the  writers."  The  authors  then  give  a  description  of 
some  work  ^\'hich  was  executed  with  concrete  mixed  with  different  quantities  of  water, 
and  in  conclusion  they  state  :^"  Here  we  have  three  specimens  of  concrete  of  similar 
ingredients  exposed  to  the  same  conditions,  the  only  variable  being  the  amount  of 
water  used  in  mixing  The  very  dr\'  and  the  very  wet  concrete  have  been  decidedlv 
unsatisfactory.  That  of  a  medium  consistencv  has  successfully  resisted  disintegration 
under  severe  exposure." 

Again,  they  say  : — "  It  is  evident  that  the  amount  of  water  used  in  mixing  concrete 
exposed  to  sea  water  action  has  a  most  important  bearing  on  the  durability  of  the 
structure.     Either  too  dry  or  too  ivet  a  consistency  will  cause  failure." 

The  authors  of  the  paper  also  state  that  it  is  generally  advisable  to  use  richer 
mixtures  than  would  be  used  for  similai  structures  on  land.  In  face  of  this  evidence  of 
the  great  importance  of  the  quantity  of  water  used  in  the  mixing  it  wdll  be  clear  that 
no  tests  for  "  corrected  "  concrete  can  be  of  real  value  as  a  comparison  with  1:2:4 
mixtures  unless  this  factor  is  taken  into  consideration. — Yours  faithfully, 

Albert  Take  max. 
Birmingham,  October  22nd,  1918, 


IDEAL   CONCRETE 
BLOCK  MACHINES 

Marvellously  Simple 

♦ 

Easily  Operated 

♦ 

No  complicated    Mechanism 

♦ 

Not   a    Wheel.    Cog,    Gear, 

Chain,  Crank  or  Spring 

♦ 

Nothing  to  get  out  of  order 

♦ 

We  make  all  kinds  of 

Concrete    Machinery 

Write  for  Pailiculars 

MATTHEW  WYLIE  &  CO. 

65  Portman   Street,  GLASGOW 
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AT  HOME  AND   ABROAD. 

A  short  summary  of  some  of  the  leading  books  "which  have  appeared  during  the  last  fefv  months. 


Mathematics  for  Engineers.    By  W.  N.  Rose, 
B.Sc. 

London:  Chapma  i  &  Hall,  Ltd.    Vol.  L,  510  pp.    Demy 
8vo      Price  8s.  6d.  net. 

There  are  not  many  questions  with 
respect  to  the  education  of  engineers 
Avhich  have  been  ventilated  so  freely  as 
that  of  the  training  in  mathematics 
which  should  be  given  to  engineers. 
Although  it  may  be  regarded  as  a  matter 
of  regret,  it  is  nevertheless  a  fact  that 
most  engineering  students  do  not  derive 
much  benefit  from  the  lectures  given  by 
professors  who  are  "  pure  "  mathe- 
maticians. Yet  for  many  years  such 
training  was  almost  exclusively  in  the 
hands  of  such  professors,  with  the  result 
that  the  engineering  students  finished 
their  courses  with  verv  little  acquaint- 
ance of  mathematics. 

During  the  last  fifteen  vears  it  has 
become  the  practice  to  give  to  engineering 
students  a  training*  in  mathematics, 
specially  designed  to  approach  the  sub- 
ject from  the  standpoint  which  will 
enable  the  engineers  to  apply  the  results 
to  the  problems  which  arise  in  practice, 
and  Mr.  Rose's  book  is  one  of  a  number 
of  attempts  to  provide  a  textbook  to 
assist  such  a  training.  The  general  result 
of  this  attempt  is  an  excellent  one  ;  the 
style  is  concise,  yet  adequate,  and  the 
treatment  is  assisted  by  a  large  number 
of  numerical  examples  which  are  very 
helpful  to  those  students  who  rely 
entirely  upon  books  for  their  study. 

The  diagrams  are  good  and  clear,  and 
the  general  make-up  of  the  book  reflects 
great  credit  upon  both  author  and 
publisher. 

After  some  introductory  data,  the  book 
opens  with  a  chapter  upon  Aids  to  Calcu- 
lation, in  which  methods  of  approxima- 
tion and  the  use  of  logarithms  are  ex- 
plained. The  next  chapter  deals  with 
Equation  in  a  lucid  manner  ;  following 
this  is  a  chapter  on  INIensuration,  which 
is  very  good  indeed,  although  it  com- 
presses a  large  amount  of  subject  matter 
into  a  small  amount  of  space. 

An  introduction  to  the  subject  of 
Graphs  forms  the  subject  matter  of  the 
fourth  chapter  ;   this  chapter  might,  we 
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think,  \\a,\-e  come  rather  earlier  in  the 
book  in  view  of  the  fact  that  so  much  of 
an  engineer's  work  deals  with  Graphs. 

After  a  chapter  on  Further  Algebra — 
dealing  with  progressions  and  the  theory 
of  logarithms — we  come  to  an  easy 
chapter  on  Plane  Trigonometr}-.  We 
then  have  in  succession  chapters  upon 
Irregular  Curved  Figures,  Calculation  of 
Earthwork  Volumes,  Plotting  of  Difficult 
Curve  Equations,  the  Determinations  of 
Laws,  the  Construction  of  Practical 
Charts,  and  various  Algebraic  Processes. 

The  chapter  on  the  Construction  of 
Practical  Charts  contains  some  valuable 
subject  matter  not  commonly  met  with  in 
textbooks. 

The  book  is  full  of  numerical  examples, 
so  full  that  we  think  that  there  is  some 
danger  of  there  being  not  enough  of 
principles  or  theory  in  comparison  with 
the  application.  After  all,  the  great 
educational  value  of  mathematics  for  an 
engineer  consists  in  the  training  in 
principles  and  in  inculcating  a  certain 
outlook,  and  students  who  spend  most  of 
their  time  in  working  out  "  practical 
problems"  do  not  get  a  sufficient  general 
grasp  of  principles  to  enable  them  to 
attack  unfamiliar  problems. 

Tables  of  Safe  Loads  on  Steel  Pillara.  By 
Ewart  S.  Andrews,  B.Sc,  and  W.  Cyril 
CocKing.  M.C.I. 

London  :  James  Sehvyn  .S:  Co..  Ltd.,  20  Essex  Street. 
Strand.     25  pp.  +  sxsiii.     Price  6s.  net. 

This  handbook  is  published  for  the 
use  of  engineers,  architects,  and  builders 
to  facilitate  the  design  of  steel  pillars,  and 
the  tables  have  been  prepared  to  comply 
with  the  requirements  of  the  London 
County  Council  (General  Powers)  Act, 
1900. 

The  introduction  forms  an  important 
feature  of  the  volume,  as  herein  are 
given  notes  on  the  general  design  of 
pillars,  the  consideration  of  formulae, 
the  tabulation  of  calculations,  correction 
coefficients  for  other  formuUe,  and  other 
verv  useful  matter. 

The  authors  have  introduced  a  column 

for  "  unit  slenderness  ratio    — i.e., 

g  mm. 
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and  this  enables  the  slenderness  ratio  o£ 
a  given  pillar  to  be  found  at  once  by 
multiplying  its  length  in  feet  by  the 
quantity.  The  tables  are  given  for 
pillars  having  one  end  fixed  and  one  end 
hinged,  as  this  is  the  most  general  con- 
dition called  for  in  the  calculations  of 
ordinary  pillars  in  steel  frame  buildings, 
but  the  loads  for  other  conditions  can  be 
quickly  found  by  following  the  methods 
set  out  in  the  tables. 

The  first  table  gives  the  safe  loads  for 
unplated  standard  beams  used  as  pillars, 
and  this  is  followed  by  tables  for  plated 
pillars,  wherein  the  most  suitable  sec- 
tions are  given  with  varying  size  plates, 
one  to  each  flange. 

These  tables  are  very  useful,  and  they 
will  be  more  so  when  the  authors  are  in 
a  position  to  publish  corresponding  tables 
for  other  sections,  as  they  state  it  is 
their  intention  to  do  when  the  oppor- 
tunitv  occurs.  It  will  be  clear  that  the 
designer  so  often  requires  to  continue  the 
same  section  of  beam  through  several 
floors,  with  the  addition  of  extra  flange 
plates  as  required  to  take  the  additional 
load,  that  full  value  cannot  be  obtained 
from  this  book  until  the  other  tables  are 
available  to  enable  him  to  design  a  pillar 
n  this  way  for  the  full  height  required. 

Selwyn's  Melric  Conversion  Tables.    Edited 
by  W.  Ershine  Dommett,  A.F.Ae.S. 

London  :  James  Selwyn  &  Co  .   Ltd.,  20  Essex  Street. 
Strand.    49  pp       Price  2s.  6d.  net. 

The  metric  system  is  likely  to  be  used 
to    a    large    extent    by    engineers    imme- 


diately after  the  war,  as  it  will  be  neces- 
sary to  conform  to  Continental  methods 
when  dealing  with  schemes  on  the 
Continent,  and  this  little  volume  will  be 
extremely  useful,  and  enable  consider- 
able saving  of  time  to  be  effected  by  the 
designer  who  has  been  trained  to  think 
in  feet  and  pounds. 

Some  general  notes  and  useful  con- 
stants are  given  for  conversion,  and  the 
remaining  matter  consists  of  thirty-one 
useful  tables,  giving  the  equivalents  of 
English  weights  and  measures  in  the 
metric  scale.  In  preparing  the  book,  the 
requirements  of  men  engaged  in  the 
various  branches  of  engineering  and 
science  were  kept  specially  in  view,  and 
the  tables  common  to  these  branches  are 
given  fully,  whereas  the  lesser  used  tables 
are  given  in  an  abridged  form.  A  con- 
siderable amount  of  labour  must  have 
been  involved  in  the  preparation  of  the 
tables,  as  will  be  realised  when  it  is  stated 
that  the  first  three  tables  are  as  follows  : 
(i)  Equivalents  of  Millimetres  in  Inches 
(advancing  by  fractions) ;  (2)  Equivalents 
of  ^lillimetres  in  Inches  (advancing  by 
decimals)  ;  (3)  Equivalents  of  Inches 
(advancing  by  fractions)  in  Millimetres. 
These  form  a  typical  example  of  the 
thoroughness  that  has  been  pursued 
throughout  as  the  equi\alents  are  gi\en 
in  both  ways,  and  thus  the  required 
figures  can  be  quickly  found.  It  is  a  little 
volume  that  can  be  recommended  to  our 
readers  as  being  well  worth  the  published 
price. 


MEMORANDUM. 

The  Concrete  Institute. — The  first  meeting  of  the  Session  1918-1919  will  take  place 
on  the  28th  November,  when  Mr.  H.  D.  Searles-Wood,  F.R.I.B.A.,  will  give  his  presi- 
dential address. 
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Memoranda  and  Nexus  Items  are  presented  under   this   heading,   ivith  occasional  ejiionai 
commznt.     Authentic  netus  "Will  be  "welcome. — ED. 


Pre-cast  Concrete  Lumber  for  Mine  Work. — In  a  recent  number  of  Engineering; 
News-Record  there  appeared  some  interesting  particulars  on  the  use  of  concrete  in  an 
American  mine.     The  writer  of  the  article  gives  the  following  account  : — 

During  the  past  four  years  considerable  precast  concrete  "  lumber  "  has  been 
used  by  the  Oliver  Iron  Alining  Co.  in  the  reUning  of  its  shafts  on  the  Vermilion  and 
Mesaba  range  in  Northern  Minnesota,.  A  concrete  plant  was  started  in  1914  at 
Hibbing,  and  450  complete  shaft  sets  ha\  e  been  manufactured  and  shipped  to  all  parts 
of  the  range. 

Where  a  new  shaft  is  to  be  lined  Avith  pre-cast  lumber  it  is  excavated  and  con- 
structed in  much  the  same  way  as  the  ordinary  timbered  shaft.  The  surface  of  the 
ground  is  levelled  and  two  trenches  4  to  6  ft.  deep,  depending  upon  frost  depth,  are 
dug  for  reinforced  concrete  bearers  18  by  24  in.,  which  support  the  shaft  lining.  These 
trenches  are  20  ft.  apart  and  34  ft.  long. 

Cross-bearers  of  structural  steel  consisting  of  two  15-in.  33-lb.  channels  are  placed 
under  each  wall  plate.  Under  each  divider  the  cross-bearer  is  one  15-in.  42-lb.  I-beam. 
Channels  are  used  under  the  wall  plate  so  that  hanging  bolts  may  be  placed  in  bet\\een. 
Immediately  on  top  of  the  bearers  is  placed  the  first  shaft  set,  consisting  of  two  wall 
plates  20  ft.  long,  two  8-ft.  end  pieces,  and  two  dividers  6  ft.  3  in.  long.  All  of  these  are 
12  in.  square  in  cross-section,  except  that  the  dividers  are  10  by  12  in.  Forms  are  then 
built  up  for  placing  the  concrete  for  the  collar,  which  is  from  6  ft.  to  8  ft.  in  height, 
extends  directly  above  the  shaft  set  and  prevents  water  and  dihris  from  falling  into 
the  shaft.  Pockets  are  left  in  the  collar  for  nuts  for  hanging  bolts.  As  the  earth  is 
excavated  it  is  placed  around  the  collar. 

The  shaft  sets  are  horizontal  and  are  spaced  5  ft.  apart.  Each  set  is  supported 
by  twelve  i^-in.  hanging  bolts,  two  in  each  end  piece  and  four  in  each  wall  plate. 
Each  set  weighs  approximately  10  tons,  including  the  concrete  Uning  slabs  or  lath. 
Posts  or  stuttles  separating  the  sets  are  made  up  as  follows  :  Four  corner  stuttles, 
4  ft.  long  and  10  in.  square,  and  four  centre  stuttles  under  dix-iders,  4  ft.  long  and 
8  by  10  in.  Between  sets  there  are  eight  3  by  lo-in.  slabs  and  thirty-eight  3  by  lo-in. 
slabs,  all  4  ft.  2f  in.  long.  These  slabs  are  fitted  in  on  the  exterior  side  of  the  sets, 
being  held  in  position  by  a  3  by  i|-in.  groove  in  the  wall  plates  and  end  pieces  and  by 
the  earth  which  is  packed  in  behind  the  lath. 

The  20-ft.  wall  plates  are  first  lowered  into  position  and  the  end  pieces  fitted  over 
them.  The  stuttles  are  then  put  in  place,  after  which  the  hanging  bolts  are  placed  in 
the  proper  holes.  When  the  whole  set  is  in  position  and  lined  up,  the  bolts  are 
tightened  and  tha  lath  shoved  into  position.  IMost  of  the  sh.ifts  lined  with  pre-cast 
lumber  on  the  ^Nlesaba  range  are  about  200  to  300  ft.  deep. 

The  usual  type  of  shaft  used  by  this  company  has  three  compartments  ;  a  ladder- 
way  6  by  6  ft.  4  in.  and  two  skipways  5  by  6  ft.  in  the  clear,  with  dividers  in  between, 
making  the  over-all  dimensions  8  by  20  ft.  At  Spruce  No.  4  there  are  five  compart- 
ments. This  shaft  is  now  being  sunk  from  a  240-ft.  level  to  the  400-ft.  le\"el  by  the 
same  method  as  described  for  other  precast  shafts.  F"rom  the  old  240-ft.  level  upward 
the  shaft  was  relined  in  igi6  by  the  use  of  pre-cast  members.  In  this  method  jacks 
were  used  to  hold  up  the  concrete  m.embers  until  the  end  members  and  slabs  were 
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put  in  place  along  with  the  stuttles  or  posts.  With  the  stuttles  exactly  4  ft.  long  the 
end  pieces  and  wall  plates  were  fitted  in  at  the  corners  so  as  to  form  a  perfect  joint. 
The  di^iders  are  notched  at  the  ends  into  a  dovetailed  shape  so  as  to  fit  into  the  wall 
plates.  Ladders  at  the  Spruce  shaft  are  all  of  steel,  as  are  the  landing  platforms. 
Between  the  compartments  6-in.  wire  mesh  is  used  for  protection. 

Cost  data  tabulated  during  1914  and  191 7  show  that  concrete  sets  can  be  manu- 
factured at  a  cost  practically  double  that  of  timber.  The  cost  of  installation  is  a  little 
higher,  due  to  increased  weight.  The  ordinary  timber  shaft  must,  however,  be  replaced 
within  six  or  eight  years,  while  a  concrete  shaft  has  an  indefinite  life,  besides  being 
fire-resisting. 

Besides  concrete  lumber  for  mine  shafts,  concrete  blocks  and  concrete  pipe  have 
been  made  in  large  quantities. 

Rusting  Steel  Chimneys  Coated  with  Concrete  by  Cement  Gun.— Five  steel  stacks  at 
the  Pittsburgh  Crucible  Steel  Co.'s  Midland  works,  which  had  become  very  badly 
corroded  in  service,  were  recently  covered  entirely  on  the  outside  with  a  reinforced 
concrete  shell  at  a  comparatively  low  cost  and  without  putting  the  stacks  out  of 
service,  except  for  a  few  days.  The  concreting  was  done  \\-ith  the  cement  gun, 
operated  by  a  workman  standing  on  a  scaffolding  in  the  first  two  chimnevs,  and  in 
tlie  more  recent  work  on  a  hanging  scaffold. 

The  stacks  are  123  ft.  high,  approximately  6  ft.  in  diameter  at  the  top,  and  with 
an  outside  diameter  of  12  ft.  at  the  footings.  The  coating  comprised  a  self-supporting 
annular  ring  of  reinforced  concrete,  varjang  in  thickness  from  8  in.  at  the  base  to  3  in. 
at  the  top,  the  reinforcement  being  securely  fastened  to  the  steel  plates  of  the  stack 
itself.  At  each  ring  of  the  stack — that  is,  at  vertical  inter\als  of  about  5  ft. — hook 
bolts  were  tapped  into  the  plates  of  the  stack.     These  plates  carried  horizontal  steel 

6'y,   ^.^'''':' 0:ontetl stack  ^ 
y^^         J  3  of  Cone  stack"  ■ 


Section  through  Base  and   Top  oT stock  VEolarqeoi    Section 

at    Base 


Trictnqle  Hesh  ^ 

Section       ' '" 
A-  A 


/i\i'riafffm,j 


[)e^ail  of  Hook  Boft 
Section       B-S 
Details  ok  the  Reinforcement  for  the  Cement  Gin  Co\ter  Chimnevs. 
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"ZENITH"  SAND  &  BALLAST  WASHER 

(Pleasances'  Patent). 


Capacity  : 
20  yards  per  hour. 


Water  used  : 
3,500  gallons. 


Used  by  H.M  War  Office, 

Messrs.  Walter  Scott  and 

Middleton,    Limited,  and 

many  others. 


SAND 


700 


Washes  the  material  absolutely  clean  and  grades  it  at  the 
same  time.  No  power  required  to  drive  it.  Portable,  small 
floor    space.     No    expensive   renewals.     Cheap   in  first  cost. 


THE    BRITISH    STEEL   PILING   CO. 

DOCK    HOUSE,    BILLITER    ST.,    LONDON,   E.C.3. 
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bands  held  a  fixed  distance  about  2  to  4  in.  away  from  the  shell.  These  bands,  in 
turn,  carried  vertical  reinforcing  rods  of  square  twisted  steel,  around  which  was 
wrapped  the  annular  ring  of  the  \vire  mesh  employed.  The  mesh  varied  in  spacing 
and  size  of  wire  v,dth  the  thickness  of  the  concrete  to  be  applied.  In  the  lower  20  ft. 
two  rows  of  vertical  rods  were  placed,  the  wire  mesh  being  attached  to  the  outer  row. 
Above  the  20-ft.  height  the  one  row  of  vertical  rods  which  carried  the  mesh  v/as  placed 
near  the  outer  face  of  the  concrete. 

The  concrete  was  applied  through  the  cement  gun  on  to  and  through  the  wire 
mesh.  A  compressor  with  the  cement  gun  was  installed  in  a  near-by  house,  and  the 
hose  with  the  nozzle  was  carried  up  as  the  work  went  along.  The  stacks  were  kept 
in  operation  during  the  work,  except  for  a  few  days  on  each  while  the  concrete  was 
being  applied  to  the  upper  part. 

About  20  to  25  ft.  of  concrete  was  applied  a  day.  Each  stack  required  11  cu.  ft. 
of  finished  concrete,  reinforced  with  about  i|  per  cent,  of  steel. 

Eifect  of  Positive  and  Negative  Ions  on  Concrete. — Some  experiments  have  been 
made  with  a  view  to  ascertaining  the  influence  of  various  salts  on  the  setting  of  cement. 
An  account  of  these  tests  is  given  in  a  recent  issue  of  the  Philippine  Journal  of  Science. 
Tests  were  carried  out  with  four  cements  and  eleven  salts  under  similar  conditions — 
chlorides  (Na,  Zn,  Cw),  nitrates  (Na,  K,  NH),  sulphates  (Na,  Zn,  Cw),  and  bicarbonates 
(Na,  K).  The  effect  was  generally  to  lower  the  tensile  strength,  and  any  increase 
usually  associated  with  sulphate  was  very  small.  The  cement  with  the  highest  content 
of  calcium  appeared  to  be  affected  the  most.  The  sulphates  and  chlorides  of  zinc  and 
copper  caused  a  retardation  in  the  initial  set,  which  increased  with  concentration. 
The  other  salts  caused  a  varying  retardation  which  reached  a  maximum  and  then 
diminished.  The  positive  ion  seems  to  have  the  greater  influence,  which  would 
naturally  be  expected,  inasmuch  as  it  would  affect  the  ionised  calcium. — Chemical  and 
Metallurgical  Engineering. 

Concrete  Tanks. — It  is  reported  in  Concrete,  of  U.S.A.,  that  concrete  tanks  have 
been  built  in  Chile  for  holding  solutions  incident  to  copper  refining.  Not  only  have 
they  withstood  this  ser\'ice,  but  severe  earthquake  shocks  have  not  harmed  them. 

Concrete  Freight  Cars. — In  a  recent  issue  we  referred  to  some  experiments  that 
are  being  made  in  South  \\'ales  to  construct  concrete  rolling  stock.  We  now  learn 
that  similar  experiments  are  being  carried  out  in  America,  where  a  trial  freight  car  is 
being  constructed  in  the  yards  of  the  M.  E.  White  Paving  Co.,  Chicago. 

The  Protection  of  Seaports  in  America. — It  is  proposed  in  America  to  protect 
exposed  seaports  bv  means  of  walls  of  concrete  laid  in  the  water. 

Concrete  Bulkheads. — In  connection  with  an  interesting  piece  of  salvage  work 
just  completed  b}^  the  Salvage  Section  of  the  Admiralty,  concrete  bulkheads  were  used 
for  rendering  a  badly  damaged  vessel  watertight.  We  give  the  particulars  of  the 
salvage  work  as  they  appeared  in  the  Bulletin  : — "  The  steamship  Araby,  of  about 
3,300  tons  register,  with  a  cargo  of  oats  aboard,  ran  aground  on  the  lu'ench  coast  on 
December  21st,  1916.  The  vessel  was  refloated  on  December  23rd,  and  whilst  being 
assisted  into  a  harbour  the  towing  hawsers  parted.  The  forepart  of  the  steamer 
ran  up  on  to  one  of  the  harbour  piers,  and  the  after  end  on  to  the  other  pier,  causing 
the  ship  to  become  firmly  fixed  fore  and  aft  athwart  the  harbour  entrance, 

"  A  few  hours  later  the  steamer  broke  her  back.  The  stokehold,  engine-room, 
and  No.  2  hold  filled  rapidly,  and  the  water  also  gained  access  into  Nos.  3  and  4  holds. 
The  vessel's  decks,  with  the  exception  of  the  poop  and  forecastle  decks,  were  submerged 
at  high  water. 

"  Salvage  operations  were  commenced  immediately,  the  wreck  being  subsequently 
Ufted,  partially  by  camels  and  partially  by  pumping,  and  taken  up  harbour.  The 
Araby  then  broke  in  two,  being  held  together  only  by  a  few  deck  plates,  &c.  These 
plates  were  cut  apart  by  oxy-acetylene  gas,  and  the  two  halves  filling  they  settled  down 
on  an  even  keel. 

"  By  Januarv  i8th,  1917,  both  halves  were  refloated  and  beached  inside  of  the 
harbour  clear  of  all  traffic.  They  were  allowed  to  lie  in  this  position  until  this  summer, 
when  steps  were  taken  to  remove  the  wreck.  In  the  meantime  the  two  halves  of  the 
vessel  had  been  made  watertight  by  the  erection  of  concrete  bulkheads  at  the  after  end 
of  the  fore  half  and  the  fore  end  of  the  after  hold.     In  J  uly  the  two  halves  were  prepared 
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for  sea.  By  August  15th  both  halves  were  refloated  and  were  towed  across  the  Channel 
to  a  repairing  yard  on  the  Thames,  where  preparations  have  been  made  to  reconstruct 
the  ship." 

TRADE   NOTES. 

All  architects  know  that  it  is  generally  the  little  defects  which  ultimately  cause 
annoyance  to  their  clients. 

For  instance,  a  flooded  stokehole  causes  endless  discussion,  because  everyone 
occupying  the  building  remarks  on  the  absence  of  warmth.  In  some  cases  continual 
flooding  will  entirely  rust  through  the  boiler,  making  it  useless  after  a  few  years. 
This  was  the  case  at  the  Beaumont  Schools,  Warrington,  for  the  boilers  connected 
with  the  heating  apparatus  were  destroyed  owing  to  the  continual  flooding  of  the 
stokehole  for  a  period  of  eight  years.  The  surveyor  seriously  contemplated  filUng  in 
the  chambers  to  above  the  flood  height,  but  two  months  before  the  great  war  he 
decided  to  try  waterproofed  cement  for  the  concrete  in  the  floor  and  wall  rendering 

We  have  a  recent  report  stating  that  the  Pudloed  cement  treatment  has  produced 
a  perfectly  dry  cellar  during  the  four  years  which  have  elapsed  since  the  work  was 
done. 

Winget,  Ltd.- — In  consequence  of  the  rapid  growth  of  their  business  as  manu- 
facturers of  concrete  machiner^^  Messrs.  Winget,  Ltd.,  have  added  a  North  of  England 
office  to  their  numerous  branches  at  home  and  abroad.  The  address  is  40,  Albert 
Road,  Middlesbrough,  where  Messrs.  Winget's  late  Secretary,  Mr.  Calvert  Griffiths, 
acts  as  manager. 

PUBLICATIONS. 

Conversion  Tables  for  Temperatures. — -There  has  recently  been  published  by  the 
Cambridge  Scientific  Instrument  Co.  a  spiral  chart  for  converting  temperatures  from 
Centigrade  to  Fahrenheit  or  vice  versa.  The  chart  is  mounted  on  stiff  cardboard 
measuring  12  in.  by  14 J  in.,  and  contains  a  column  of  useful  data  regarding  standardis- 
ing points,  melting  and  boiling  points,  steam  temperatures,  specific  heats,  densities 
of  water,  thermal  conductivities,  and  quenching  and  tempering  bath  mixtures.  These 
cards  will  be  sent  free  to  anyone  interested  on  receipt  of  four  penny  stamps  to  cover 
postage,  and  applications  should  be  addressed  to  the  Cambridge  Scientific  Instrument 
Co.,  Ltd.,  Cambridge. 


THE 

VICTORIA 

CONCRETE    MIXER 

shown  in  the  illustration  is  fitted  with 
our  latest  side  loader  and  is  driven  direct 
by  petrol  engine,  the  plant  being  mounted 
on  road  wheel  truck. 


It  represents  THE  MOST  MODERN  CONCRETE  MIXING  PLANT  obtainable 
COMPACT,  SELF-CONTAINED,  RELIABLE. 


WHITE  FOR  CATALOGUE   VC. 


Telephone— VICTORIA  1849. 


STOTHERT  &  PITT 

LTD., 

38,  Victoria  Street,  S.W. 
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Volume  XIII.,  No.  12.  London,  December,  1918. 

EDITORIAL  NOTES, 


HOUSING    PROBLEM. 

INTRODUCTION. 

The  cessation  of  hostilities  and  the  dawn  of  a  new  era  of  peace  have  naturalh' 
caused  us  to  turn  to  the  consideration  of  some  of  the  immense  problems  of  recon- 
struction, and  among  these  problems  that  of  providing  the  necessary  housing 
accommodation  is  one  of  the  most  important.  The  shortage  of  small  houses  and 
cottages  is  enormous,  and  it  is  estimated  that  half  a  million  new  dwellings  are 
required  immediately  in  addition  to  the  annual  supply  of  about  one  hundred 
thousand,  and  thus  considerable  organisation  in  labour  and  the  supply  of  materials 
will  be  necessary  if  the  task  is  to  be  accomplished  with  any  measure  of  success. 
The  question  of  cost,  which  in  normal  times  must  necessarilv  affect  the  erection 
of  small  dwellings  to  a  large  extent,  cannot  entirely  dictate  the  conditions  of 
lay-out  and  construction  under  the  pressing  needs  of  the  problem,  as  the  question 
has  become  a  national  one,  and  it  is  the  duty  of  the  State  not  only  to  foster  the 
building  industry  with  legal  assistance,  but  also  to  support  it  financially  as 
circumstances  may  require.  A  very  important  report  has  been  issued  by  the 
Committee  which  was  appointed  by  the  Local  Government  Board  and  the  Secre- 
tary for  Scotland,  to  consider  the  various  questions  of  building  construction  in 
connection  with  the  provision  of  dwellings  for  the  working  classes  and  the  methods 
of  securing  economy  and  dispatch  in  the  provision  of  such  dwellings,  and  some  of 
the  recommendations  contained  in  this  report  are  worthy  of  consideration. 

The  names  of  the  members  of  the  Committee  who  sign  the  report  will 
give  considerable  weight  to  the  \'arious  suggestions  put  forward,  and  as  two 
architects  of  artistic  eminence  were  included  the  question  of  the  general  appearance 
of  the  worker's  home  has  not  been  overlooked.  The  amount  of  work  which  was 
accomplished  and  the  number  of  suggestions  that  were  made  can  be  gathered 
when  it  is  stated  that  the  report  covers  nearly  one  hundred  pages,  and  therefore 
it  is  only  possible  in  these  notes  to  touch  briefly  on  some  of  the  most  important 
matters. 

HOUSING    DEPARTMENT. 

In  order  to  deal  effectively  with  the  general  matters  which  of  necessity  must 
arise  in  various  localities  the  Committee  recommend  that  a  strong  Housing 
Department,  with  an  experienced  and  capable  Chief  Commissioner,  should  be 
created,  both  at  the  Local  Government  Board  for  England  and  Wales  and  at  thi" 
Local  Government  Board  for  Scotland.     The  country  would  then  be  divided  into 
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districts  and  local  commissioners  be  appointed  who  would  work  under  the  central 
control  but  have  executive  powers  vested  in  them  to  deal  with  the  problem 
effectively  and  with  dispatch.  These  commissioners  should  be  men  with  technical 
knowledge  and  experience  in  housing,  acquainted  with  modern  methods  of  town 
planning  and  development  and  imbued  with  a  real  live  interest  in  their  work. 
Their  functions  should  be  to  encourage  and  assist  local  house  building  and 
primarity  to  secure  effective  co-ordination  between  the  various  local  authorities, 
public  utility  societies,  and  other  forms  of  private  enterprise,  so  that  the  require- 
ments of  each  district  may  be  fully  met.  In  these  commissioners  might  be 
vested  considerable  discretionary  powers  with  respect  to  building  bye-laws,  so 
that  modifications  and  relaxations  might  be  made  to  suit  the  requirements  of 
individual  schemes  and  avoid  the  expenditure  of  unnecessary  money  while  at 
the  same  time  safeguarding  the  public  from  doubtful  experiments. 

This  suggestion  appears  to  be  quite  feasible  and  should  materially  assist  in 
the  speeding  up  of  the  execution  of  schemes,  provided  the  powers  vested  in  the 
commissioners  is  a  real  one  and  that  they  are  not  hampered  by  too  many  official 
instructions  as  to  routine  and  the  usual  delay  which  occurs  in  obtaining  co- 
operation or  sanction  from  Government  Departments  is  avoided.  The  party 
responsible  for  a  scheme  will  require  some  relaxation  from  the  bye-laws  in  prac- 
ticallv  every  instance,  and  if  he  can  get  into  personal  touch  with  the  person  who 
is  authorised  to  allow  such  relaxation  a  great  deal  of  benefit  will  result  as  regards 
sa\4ng  of  time,  but  great  care  must  be  exercised  that  such  personal  intercourse 
can  result  in  something  decisive  and  that  it  is  not  merely  the  prelude  to  the  filling 
in  of  numerous  forms  and  applications  accompanied  by  delays  in  obtaining  some 
kind  of  official  sanction.  If  the  commissioners  are  men  of  the  right  calibre  and 
real  power  is  given  to  them  the  scheme  would  then  be  of  great  assistance. 

SUPPLY   OF   MATERIALS. 

A  Special  Committee  has  been  set  up  by  the  Ministry  of  Reconstruction  to 
deal  with  this  question,  and  consequentl}^  the  Local  Government  Board  Committee 
only  touches  upon  the  subject  generally  and  in  so  far  as  it  affects  the  need  of 
looking  for  alternative  methods  of  construction.     In  the  recommendations  it  is 
stated  that  the  release  of  the  industries  of  the  country  from  State  control  at 
the  earhest  possible    moment  is  the  object  to  be  aimed    at,  but    there    must 
inevitabh'  be  a    transitional  period    during  which    this    control  can    only  be 
partially    relaxed,   otherwise,   certainly    in    the    case    of    building    materials, 
there  wiU  be,  in  some  directions,  a  shortage  of  supply  and,  as  a  result  of  com- 
petition for  available  supplies,  rapidly  rising  prices.      The  supply  of  timber 
will    probably,    for    a    period    after    the    war,    be    still    under  the    supervision 
of  the  Timber  Controller  and  subject  to  fixed  maximum  prices.     With  respect  to 
bricks,  which  play  an  important  part  in  house  building,  the  most  effective  policy 
for  regulating  prices  is  stimulus  of  production,  which  also  applies  to  slates,  cement, 
and  other  materials.     It  is  hoped  that  the  Government  will  be  able  to  arrange 
for  an  early  supply  of  essential  labour  on  demobiUsation  and  of  the  necessary  fuel 
so  that  the  work  of  production  may  be  undertaken  without  delay.     In  any 
priorit}'  schemes  that  are  set  up  by  the  Government  for  controlling  the  supply  of 
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building  materials  a  privileged  position  must  be  given  to  housing  schemes,  and 
here  again  the  proposed  Housing  Department  could  render  valuable  assistance 
in  the  determination  of  the  terms  upon  which  priority  certificates  should  be 
granted  in  the  various  districts.  It  is  perfectl}^  clear  that  there  will  be  a  great 
scarcity  of  all  classes  of  materials,  and  it  will  be  necessary  to  adopt  as  wde  a 
variation  as  possible  in  the  methods  adopted  throughout  the  country  to  prevent 
an  excessive  call  upon  any  one  material.  But  the  shortage  is  more  marked  in 
some  materials  than  in  others,  as  will  be  shown  hereafter  in  the  notes  on  con- 
struction, and  it  is  to  the  necessity  of  finding  substitutes  for  these  that  attention 
should  be  turned. 

BYE-LAWS. 

It  is  interesting  to  note  that  in  the  report  it  is  stated  that  the  evidence  received 
tends  to  show  that  bye-laws  and  other  regulations  in  the  past  have  hampered 
progress  in  new  forms  of  construction  ;  that  it  is  partly  due  to  their  influence  that 
this  country  is  behind  others  in  the  practice  of  concrete  and  reinforced  concrete 
construction,  and  they  have  needlessly  added  to  the  cost  of  house  building  and 
estate  development. 

This  point  has  been  repeatedly  raised  during  recent  years,  and  we  have 
advocated  a  revision  of  bye-laws  which  are  obsolete  and  a  barrier  to  the  de- 
velopment of  scientific  construction.  In  many  bye-laws  there  is  a  clause  which 
states  that  the  thickness  of  a  concrete  waU  must  be  at  least  one-third  more  than 
the  specified  brickness  of  a  brick  wall  of  the  same  height,  and  this  in  spite  of  the 
many  examples  of  good  concrete  construction  which  have  been  in  existence  for 
years.  The  building  industry  is  a  progressive  one,  and  the  regulations  which 
control  it  must  be  framed  to  provide  for  new  methods  and  materials  and  not  be 
such  that  a  possible  improvement  is  stifled  and  discouraged  and  so  placed  at  a 
disadvantage  because  the  authorities  had  not  thought  of  it  at  the  time  of  framing 
such  regulations. 

LAY-OUT   AND   DEVELOPMENT. 

Some  extensive  notes  are  given  on  the  lay-out  and  development  of  sites,  the 
accommodation  required  and  economy  in  its  provision,  and  various  other  matters, 
all  more  or  less  important,  are  dealt  with  and  numerous  plans  and  diagrams  are 
given  to  illustrate  the  recommendations  of  the  Committee.     These  notes  should, 
no  doubt,  be  of  service,  but  there  is  nothing  very  new  in  the  points  raised,  and 
their  chief  value  will  probably  be  due  to  the  fact  that  they  are  supported  by  a 
certain  amount  of  authority  and  they  are  comprehensive.     The  planning  of  a 
cottage  is  a  fascinating  subject,  but  after  many  variations,  apparent  "  brain- 
waves "  and  much  consideration,  the  designer  will    always  come  back  to  the 
starting-point  fully  convinced  that  the  most  simple  and  straighforward  plan  is  the 
best  and  the  cheapest,  and  that  the  problem  of  the  cheap  dwelling  will  be  solved  in 
the  construction  and  finishing  rather  than  in  the  planning.     The  recent  com- 
petitions  that    have    been    held    will   prove    that  any  radical  economy  cannot 
be    effected    without    advantage    being   taken   of   new   and   efficient    forms   of 
construction. 
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ECONOMY   IN    CONSTRUCTION. 

This  section  is  probably  the  most  valuable  in  the  whole  report,  and  it  will 
also  be  the  most  interesting  to  our  readers,  and  we  consequently  propose  to  pubUsh 
the  important  items  in  this  and  subsequent  issues  in  addition  to  making  a  few 
comments  in  these  notes. 

It  is  stated  at  the  outset  that,  while  science  and  skill  have  been  devoted  in 
ever-increasing  measure  to  the  development  of  industrial  processes,  no  such 
attention  was  paid  to  house  building.  This,  of  course,  is  easily  explained  when 
it  is  remembered  that  science  and  skill  applied  to  improved  methods  of  construction 
always  had  to  face  the  obsolete  bye-laws  above  referred  to,  and  consequently  no 
advantage  was  likely  to  accrue  to  the  builder  who  attempted  to  economise,  even 
when  improving  a  method,  if  by  so  doing  he  was  infringing  a  regulation  which  had 
to  be  enforced  although  it  was  not  really  applicable  in  the  spirit.  Only  those  who 
have  been  faced  with  the  necessity  of  complying  with  the  letter  of  the  Act  can 
fully  realise  how  thoroughly  science  has  been  discouraged  in  the  past,  and  thus 
construction  has  been  compelled  to  follow  the  old-fashioned  methods. 

We  are  glad  to  see  that  a  number  of  investigations  are  being  undertaken, 
with  the  assistance  of  the  Department  of  Scientific  and  Industrial  Research,  to 
determine  the  durability  and  other  qualities  of  some  of  the  materials  and  methods 
recommended  by  witnesses.  It  is  proposed  to  issue  a  subsequent  report  when 
these  investigations  are  completed,  and  these  will  be  awaited  with  interest. 

The  two  main  items  that  were  dealt  with  were  :    (i)  The  consideration  of 
possible  substitutes  generally  or  locally  advantageous  in  place  of  bricks  or  stone 
for  M^alling  in  connection  with  cottages,  particularly  the  question  of  the  use  of 
concrete  for  such  purpose,  and  (2)  the  finding  of  substitutes  for  the  various  uses  of 
timber  in  cottage  construction.     In  connection  with  the  first  item  it  is  stated  that 
there  cannot  be  any  sensational  amount  of  saving  by  the  use  of  brick  or  concrete 
as  compared  wdth  one   another  in  those  districts  where  bricks  are  made  and  a 
good  aggregate  is  also  available,  but  where  bricks  are  not  locally  produced  and 
where  gravel  and  sand  are  at  hand  then  concrete  should  prove  substantially  less 
costly  than  brick.     This  conclusion  will  undoubtedly  be  in  accordance  with  the 
views  of  those  who  have  had  experience  in  connection  with  the  subject,  but  the 
question  of  cost  is  not  the  only  one  that  must  be  considered.     It  is  estimated  that 
the  erection  of  300,000  cottages  would  require  over  5,400,000,000  bricks,  and  with 
the  brickyards  in  their  present  condition  it  will  be  realised  that  the  demand 
cannot  be  met  without  a  delay  that  will  be  serious,  and  thus  it  is  absolutely  essential 
to  provide  some  other  material  for  at  least  a  large  proportion  of  the  work.     This 
other  material  is  concrete,  and  generally  speaking  the  use  of  this  in  the  form  of 
blocks  built  to  give  a  cavity  wall  will  prove  the  only  satisfactorv  solution  to  the 
problem.     Great  stress  is  laid  on  the  fact  that  greater  skill  is  required  in  the 
supervision  of  concrete  work  and  that  workmen  and  masters  are  more  experienced 
in  brick  construction.     These  facts  should  not  be  a  serious  bar  to  the  extensive 
use  of  concrete  for  walling,  as  there  are  numerous  engineers  and  architects 
throughout  the  country  who  are  competent  to  supervise  the  work,  and  the  sim- 
plicity of  concrete  work  of  this  nature  would  enable  the  workers  to  become 
proficient  in  a  very  short  time  under  able  supervision.     The  four  objections  to- 
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concrete  walling  which  are  put  forward  can  hardly  be  substantiated,  as  they  relate 
to  a  hold  for  fixing  and  chases,  which  would  be  provided  during  execution,  and 
the  question  of  repairs  and  alterations,  which  should  not  be  necessar}-  if  the  work 
is  properly  planned  and  organised. 

With  regard  to  substitutes  for  timber  the  suggestions  are  :  (i)  Concrete  in 
various  forms,  (2)  hollow  brick  or  terra-cotta,  and  (3)  iron  or  steel.  All  these 
three  will  probably  enter  very  largely  into  cottage  construction  in  the  near  future, 
but  here  again  it  will  be  found  that  concrete,  either  plain  or  reinforced,  will  go 
far  to  solve  the  difficulty  created  by  the  timber  shortage.  In  order  to  reduce  the 
amount  of  shuttering  required,  the  system  of  pre-cast  units  must  be  properly 
developed  and  standardised,  and  if  this  is  done  very  little  timber  need  be  used. 
If  timber  has  to  be  supplied  for  the  work  which  is  usually  executed  in  this  material 
by  the  carpenter  and  joiner,  several  thousand  standards  \^iU  be  necessary,  and 
such  a  demand  cannot  be  met  under  the  existing  circumstances.  Concrete  can 
be  profitably  employed  in  floor  and  roof  construction,  and  it  has  been  adopted  for 
door  and  window  frames  and  similar  features  \\dth  considerable  success.  We  do 
not  wish  to  imply  that  concrete  is  the  only  material  to  be  used  or  that  it  is  the 
best  for  all  and  every  purpose,  but  it  will  undoubtedly  prove  to  be  a  greater 
factor  in  meeting  the  needs  of  the  housing  problem  than  any  other,  and  as  such  it 
is  advisable  to  encourage  the  intelhgent  use  of  the  material  and  not  produce  a 
number  of  small  and  fanciful  objections  which  are  usually  due  to  the  conservatism 
of  the  English  people. 

Generally,  the  Committee,  so  ably  presided  over  by  Sir  Tudor  Walters,  is 
to  be  congratulated  on  the  way  it  has  handled  a  very  difficult  subject,  and  great 
credit  is  due  to  the  Committee's  able  secretary,  Mr.  Leonard,  for  his  indefatigable 
labours.  A  weak  spot  in  the  enquiry  from  this  journal's  point  of  view  is,  of 
course,  the  absence  of  sufficient  evidence  from  professional  men  of  standing  on  the 
possibilities  of,  and  the  experience  obtained  with,  concrete.  How  came  it,  may  we 
ask,  that  the  Concrete  Institute  was  not  represented  in  the  presentation  of  con- 
sidered evidence  ?  Where,  too,  were  the  cement  makers  ?  If  not  invited  to  gi\-e 
evidence,  evidence  could  surely  have  been  volunteered  !  With  suitable  evidence 
before  them,  we  could  not  have  had  some  of  the  weak  expressions  of  opinion 
regarding  concrete,  which  detract  from  the  value  of  the  Committee's  report. 
We  would  probably  also  not  have  found  the  Committee  using  the  term  ferro- 
concrete where  "  reinforced  concrete  "  is  the  correct  general  term.  Nor  would  the 
term  fireproof  have  been  used  for  brick  and  tile  floors  of  moderate  fire  resistance 
where  "  fire-resisting  "  was  the  term  agreed  upon  by  the  representatives  of  all 
the  Government  departments  as  far  back  as  1903. 

If  the  Committee  continues  its  work,  it  should  be  strengthened  by  the 
presence  of  one  or  more  architects  and  surveyors  who  are  authorities  on  building 
construction  and  materials  although  they  may  not  necessarily  be  great  artists. 

THE    committee's   CONXLUSIOXS    REGARDING    CONCRETE    AS   A   M-\TERIAL    FOR 

COTTAGES. 

As  stated  above,  we  reproduce  on  p.  634  part  of  the  section  of  the  Report 
dealing  with  construction,  but  in  order  to  give  our  readers,  briefly,  tlu-  views 
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formulated  by  the  Committee  regarding  concrete,  we  reproduce,  for  what  they  are 
worth,  the  somewhat  half-hearted  "  Conclusions "  regarding  that  material, 
which  read  as  follows  : — 

Concrete. 
104.  In  reference  to  the  use  of  concrete  for  walls  in  house  building,  we  have 
arrived  at  the  foUou-ing  conclusions  : — (204-219.) 

(i)  That  where  bricks  are  plentiful  there  is  not  likely  to  be  any  great 
saving  by  the  use  of  concrete. 

(ii)  That  in  localities  where  bricks  are  not  produced  and  where  a  suitable 
aggregate  is  available,  concrete,  if  adopted  on  a  sufficient  scale,  is  likely  to 
prove  an  economical  building  material. 

(iii)  That,  provided  proper  precautions  are  taken,  concrete  affords  a 
suitable  and  durable  material  for  the  construction  of  houses. 

(iv)  That  the  chief  dangers  arise  from  the  imperfect  grading  or  mixing  of 
the  materials,  the  use  of  materials  containing  sulphur,  Ume,  salt,  or  other  im- 
purities, the  use  of  blocks  or  slabs  which  have  not  been  allowed  sufficient  time 
to  mature,  and  the  use  for  the  inner  surface  of  mixtures  too  imperA'ious  and 
too  good  conductors  of  heat  resulting  in  condensation  or  sweating. 

(v)  That  further  investigation  into  this  matter  is  required  to  determine 
the  quaUties  of  different  aggregates  and  of  concrete  made  from  them,  especially 
in  reference  to  the  safe  use  of  such  aggregates. 

(vi)  That  in  whatever  form  concrete  slabs  are  used,  it  is  important  that 
ample  time  should  be  allowed  for  them  to  mature  before  they  are  built  into  the 
walls. 

(vii)  That  although  many  alternative  methods  have  been  used  with  success, 
and  some  promise  to  prove  increasingly  valuable  with  further  development 
and  experience,  the  simplest  and  most  reUable  method  of  using  concrete  for  the 
external  walls  of  dwellings  is  in  the  form  of  slabs  built  up  as  complete  cavitv 
walls,  the  outside  slabs  being  weather-proof,  the  inside  slabs  being  sufficiently 
porous  and  non-conducting  of  heat  to  discourage  condensation. 

(viii)  That  the  inside  slabs  of  cavity  walls,  having  to  carry  the  main  weight 
of  floors  and,  being  often  composed  of  concrete  of  less  strength  than  the  outside 
slabs,  should,  to  give  adequate  strength,  be  of  greater  thickness  than  is  required 
for  the  outer  slabs,  and  that  a  thickness  of  4  in.  is  sufficient  for  two-storev 
buildings  pending  further  investigation. 

(ix)  That  where  the  external  slabsare  not  of  themselves  sufficiently  weather- 
proof the  wall  should  be  rendered  in  cement  or  coated  with  rough-cast. 

(x)  That  the  best  method  of  securing  weather-proof  concrete  is  to  use 
good  impervious  aggregate  properly  graded  and  thoroughly  mixed  ;  that  some 
of  the  specifics  for  waterproofing  concrete  may  be  found  useful  to  correct 
failures,  but  that  it  is  better  to  trust  to  good  materials  and  skilled  handUng. 

105.  In  districts  where  good  aggregate  is  relatively  more  available  than  brick 
or  economical  building  stone,  concrete  construction  should  be  considered  as  an 
alternative.     (219.) 

106.  Encouragement  should  be  given  to  a  few  experiments  to  test  the  more 
promising  methods  of  using  concrete  on  a  sufficiently  large  scale  to  prove  their  economic 
value  as  well  as  their  efficiency.      (250.) 
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REINFORCED    CONCRETE 
PURIFIERS. 


The  folloiuing  short  description  of  some  concrete  purifiers  erected  by  the  Tottenham  Gas 
Works  call  for  special  attention,  inasmuch  as  they  are  the  first  purifiers  that  have  been 
erected  above-ground  in  reinforced  concrete.  For  our  particulars  and  illustrations  tve  are 
indebted  to  the  courtesy  of  Mr.  A.  E.  Broadberry,  engineer  and  manager  to  the  Tottenham 
Gas  Works.— ED. 


The  Tottenham  District  Light,  Heat  &  Power  Co.  have  recently  erected  at  their 
gas  works,  Willoughby  Lane,  Tottenham,  a  set  of  purifiers  constructed  of  rein- 
forced concrete.  As  the  use  of  this  material  for  overhead  purifiers  is  an  entirely 
new  departure,  a  description  of  them,  with  the  accompanying  illustrations,  will 
doubtless  be  of  interest. 

For  the  benefit  of  those  who  are  not  familiar  with  the  process  of  gas  manu- 
facture, it  should  be  explained  that  after  the  gas  has  been  evolved  from  the  coal 
by  heating  it  in  closed  retorts  it  has  to  be  freed  from  tarry  vapour,  ammonia,  etc., 
by  cooling  and  washing,  after  which  the  impurity  known  as  sulphuretted  hydrogen 
(H2S)  has  to  be  removed  very  thoroughly  so  that  the  clean  gas  is  quite  free  from 
it.  At  present  the  universal  practice  is  to  pass  the  gas  through  several  layers 
of  hydrated  ferric  oxide  which,  when  found  in  a  natural  state,  is  known  as  "  bog 
ore."  This  material  becomes  very  dense  and  hard  in  use — particularly  the  kind 
artificially  prepared — -and  it  will  be  realised  that  very  large  containers,  known 
as  purifiers,  have  to  be  employed  to  deal  with  the  large  volumes  of  gas  made, 
that  is,  unless  high  pressure  is  employed,  which  for  many  reasons  is  undesirable. 
It  has  hitherto  been  the  practice  to  construct  these  purifiers  of  cast-iron  plates, 
either  on  the  ground  or  at  a  height  of  8  or  10  ft.  above  ground,  for  convenience 
in  discharging  the  "  oxide  "  when  it  has  ceased  to  be  active.  For  small  works 
they  are  usually  in  or  on  the  ground,  but  in  larger  works  they  are  almost  universally 
erected  overhead  on  a  framework  of  rolled  steel  joists  carried  on  cast-iron  columns. 
In  former  days,  when  purifiers  were  smaller,  the  covers  were  made  all  in  one  piece 
of  thin  steel  or  W.I.  plate  on  a  framework  of  angles  and  tees,  and  the  gas-tight 
joint  was  made  by  means  of  a  water  seal.  Even  with  comparatively  small 
covers  very  strong  gantrys  had  to  be  used  to  lift  these  covers  and  traverse  them 
out  of  the  way  when  filling  and  emptying  the  purifiers. 

For  many  years  past,  however,  it  has  been  the  practice  to  construct  a  narrow 
deck  round  the  top  of  the  purifier  and  to  bolt  the  cover — reduced  in  size  by  the 
width  of  the  deck — directly  to  the  cast  iron  with  a  rubber  joint  in  between.  The 
practice  has  been  extended  in  the  case  of  large  purifiers  to  the  construction  of 
gangways  across  the  purifier,  so  dividing  the  top  into  two  or  four  parts,  as  by 
so  doing  the  covers  could  be  reduced  to  more  manageable  proportions  and  the 
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use  of  heavy  goliath  cranes  avoided.  With  these  particulars  in  mind  we  will 
now  tvirn  to  the  purifiers  under  consideration.  The  quantity  of  gas  to  be  dealt 
with  was  five  million  cu.  ft.  in  twenty-four  hours,  and  the  site  lent  itself  to  the 
erection  of  five  purifiers  each  56  ft.  i  in.  by  42  ft.  6  in.  inside.  Four  of  these 
form  the  main  set ;  the  gas  passes  through  each  in  succession  and  the  remaining 
one  is  used  as  a  catch  box — i.e.,  a  final  precaution  against  any  possible  failure  of 
the  routine  set.     They  are  6  ft.  deep  inside  and  they  have  to  sustain  a  possible 


Sketch  illustrating  method  of  construction. 

REINFORCKD   CoNfRKlK    PlRIKIKRS    FOR    THK    ToTTKNHAM    GaS    WoRKS. 

gas  pressure  equal  to  4  ft.  of  water,  in  addition  to  a  distributed  load  of  about 
300  tons  of  oxide,  with  the  steel  angles  and  wood  grids  required  to  support  it. 
This  represents  a  very  heavy  load  on  the  main  beams,  and  it  will  also  be  observed 
that  the  sides  have  to  resist  the  full  pressure  of  gas  from  top  to  bottom,  and  the 
decks  and  gangways  have  to  resist  an  upward  pressure  of  the  same  amount, 
exerted  on  them  and  the  covers  by  the  gas. 

To  minimise  the  effect  of  temperature — as  the  oxide  sometimes  heats  up— 
the  main  series  of  four  was  divided  into  two  pairs,  with  a  space  between  them 
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Purifier  Covers. 
Reinforckd  Concrete  Purifikrs  for  the  Tottenham  Gas  Works. 
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wide  enough  for  an  elevator  or  conveyor.  The  fifth,  or  catch  box,  was  built 
as  a  separate  structure  altogether  ;  this  arrangement  is  shown  on  the  plan  and 
elevation.  The  main  beams,  33  in.  deep,  are  divided  into  four  spans  and  are 
carried  on  columns  15  in.  square  for  the  interior  and  13  in.  square  for  the  exterior. 
These  columns  have  reinforced  feet  resting  on  mass  concrete  foundations  with 
a  steel  mat  to  distribute  the  pressure.  The  secondary  beams  are  21  in.  deep, 
the  floor  slab  5  in.  thick,  the  sides  7  in.  thick,  and  the  decks  and  gangways  6  in. 
thick.  It  is  very  important  to  keep  the  interior  of  purifiers  as  free  from  obstruc- 
tions as  possible,  and  in  this  case  only  five  pillars,  10  in.  square,  are  used  to 
support  the  gangways.  These  pillars  form,  of  course,  ties  between  the  floor 
and  top  when  the  purifiers  are  closed  and  under  pressure.  Special  provision 
was  made  for  anchoring  gangways  and  pillars.     The  mixture  used  was  the  usual 


l.levation  of  the  Apparatus  Building  constructed  with  Concrete  Blocks 
made  on  "  Winget  "  Machines. 


one  of  4  :  2  :  I,  but  for  the  columns  a  slightly  richer  mixture  was  used,  as  they 
were  made  horizontally  and  elevated  into  position  when  set.  To  render  the 
concrete  gas-tight  the  purifiers  were  treated  on  the  inside  with  "  Ironite."  Special 
provision  was  made  to  keep  the  weight  of  the  massive  24  in.  diameter  pipes, 
forming  the  gas  mains,  from  coming  on  to  the  floor  of  the  purifiers.  There  are 
also  four  discharge  outlets  provided  for  emptying  each  purifier.  The  covers 
are  secured  to  lugs  let  into  the  concrete  by  a  special  form  of  eccentric  fastening 
invented  by  the  company's  engineer,  Mr.  A.  E.  Broadberry.  When  the  vessels 
were  completed  they  were  tested  first  with  4  ft.  of  water,  which  ga\-e  as  great  a 
load  as  the  columns  would  bear  although  it  did  not  give  the  maximum  load  on 
the  beams.  The  deflection  of  the  latter  only  amounted  to  i^xjths  of  an  inch.  After 
this  test,  arrangements  were  made  to  flood  the  decks  and  gang\vays  with  3  in. 
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of  water  ;  the  covers  were  put  on  and  an  air  pressure  of  24  in.  of  water  was 
applied.  In  one  or  two  places  a  few  air  bubbles  were  observed,  but  further  treatment 
with  a  mixture  of  "  Ironite  "  and  cement  immediately  remedied  these  defects. 
The  purifiers  have  been  in  use  for  a  year,  no  defects  have  developed,  and  they 
are  considered  in  every  respect  satisfactory,  particularly  as  their  cost  was  barely 
half  of  what  it  would  have  been  if  they  had  been  made  of  cast-iron  on  a  steel 
platform. 

They  were  constructed  by  Messrs.  Walter  Jones  and  Sons  to  the  designs  of 
the  company's  engineer  and  manager,  Mr.  A.  E.  Broadberry,  M.Inst.C.E.,  assisted 
by  Mr.  J.  Fisher,  Assoc. M.Inst.C.E.,  the  assistant  engineer  of  the  company. 

Reinforced  concrete  is  now  being  extensively  used  in  gas  works,  both  for 
buildings  and  special  constructions.  For  instance,  at  the  Tottenham  Works 
the  foundations  for  vertical  retort  benches,  coke  loading  stages,  tar  and  liquor 
tanks,  cyanide  purifiers,  coal  hoppers,  etc.,  have  been  constructed  of  this  material, 
and  although  not  strictly  reinforced  concrete,  the  apparatus  buildings,  of  which 
an  illustration  is  given,  are  constructed  of  concrete  blocks  on  a  steel  framework. 
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The  last  article  of  this  series  appeared  in  oar  issue  of  August,  I9J8.—ED. 


DESIGN    OF    RETAINING    WALLS  {concluded). 

Counterforted  Walls  ;  General  Principles  of  Design. — In  the  counterforted  type 
of  wall  {Fig.  26),  counterforts  or  webs  are  provided  at  intervals  apart  which  connect 
the  wall  slabs  to  the  base  slabs  and  act  as  supports  for  the  slabs      The    wall    slab 


'O 


I    I 


—  L 


I     ' 


■hf- 


FiG.  26. 


may  be  designed  as  a  series  of  continuous  horizontal  beams  of  span  equal  to  the 
distance  I  apart  of  the  counterforts,  the  loads  on  different  strips  being  taken  from  the 
pressure  triangle  a  b  c. 
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If,  for  instance,  we  wish  to  find  the  horizontal  reinforcement  of  the  strip  M  N, 
we  find  the  weight  Wi  per  foot  length  of  the  beam  by  calculating  the  area  of  the  corre- 
sponding shaded  portion  of  the  pressure  triangle.      We  then  take  by  regulation  35 

a  bending  moment  at  supports  and  centre  of  span  equal  to  ±  -—  ;  the  necessary- 
horizontal  reinforcement  is  then  found  in  the  manner  previously  described,  due 
allowance  being  made  for  the  reverse  bending  moment.  For  interior  spans,  the 
regulations  would  allow  us  to  design  the  centre  portion  of  the  span  for  a  bending 

moment  equal  to   -^— ,  but  this  is  not  generally  done  in  retaining -wall  design. 

The  counterfort  is  designed  by  regarding  it  as  the  rib  of  an  inverted  T  beam, 
the  section  at  the  base  being  made  strong  enough  to  carry  the  whole  bending  moment 

at  the  base. 

ad 
i.e.,  B^=l  xarea  aaf  x   - 

The  front  base  slab  is  designed  as  a  cantilever  the  load  upon  which  is  obtained 

from  the  resultant  pressure  diagram  for  the  base,  as  in  the  case  of  the  cantilever 

wall. 

The  back  base  slab  is  designed  as  a  continuous  horizontal  beam  of  span  /,  the 

load  upon  which  is  given  by  the  resultant  pressure  diagram  for  the  base. 

These  points  are  best  illustrated  by  means  of  a  numerical  example. 

Numerical  Example. — A  counierforted  retaining  wall  of  total  depth  25  ft.  is  required 

to  support  clay  soil  weighing  no  lb.  per  cu.  ft.,  the  angle  of  repose  being  30°,  and  the  earth 

being  surcharged  20°.     Counterforts  are  to  be  10  ft.  apart,  and  the  base  slab  2  ft.  thick. 

We  -will  first  determine  the  pressure  triangle  a  b  c. 

From  Fig.  23  we  see  that  Pg  =-22  wji^ 

=•22  X  115  X252 

=  15,800  lb.  per  ft. 

=  I5"8  kips  per  ft. 

Pe  X  2     15,800  X  2 
.  •  .  base  6  c  of  triangle  =  — 1 —  = — - — 

=  1,260  lb.  per  sq.  ft. 

At  bottom  of  wall  slab,  weight  per  foot  run=g  h 

22 
= —  X  1,260 

25 
=  1 ,000  lb.  approx. 
=  1    kip. 

^     I  X  10  X 120  ,  .     .     , 

.  •  .  B= =  120  kip-niches. 

10  ^ 

From  the  diagram  of  Fig.  2  we  see  that  the  minimum  effective  depth  for  the 

economical  section  is  10 J  in.,  so  that  we  will  take  an  overall  depth  of  12  in. 

We  will  next  proceed  to  determine  the  necessary  width  of  base  from  the  standpoint 

of  safe  pressure  upon  the  soil ;   the  latter  we  ^vill  take  as  being  ordinary  clay,  so  that 

in  accordance  with  regulation  136  the  pressure  per  sq.  ft.  on  the  soil  may  not  exceed 

2  tons  per  sq.  ft.  {i.e.,  4'48  kips  per  sq.  ft.). 

Let  us  first  assume  the  dimensions  given  in  Fig.  28. 

Our  earth  weighs  -no  kips  per  sq.  ft.,  and  the  reinforced  concrete    '144    kips 

per  sq.  ft.     We  then  have  : 

Weight   of  wall  ='144x23x1    =   3*31 

base  ='144x12x2    =   3'46 

„      fimng  =  'iiox8x24'5  =  2i'55 

Total=ir  =28'32  kips 
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Fig.  :7. 


Fig.  28. 


Moments  about  edge  D- 


Wall  =  3'3ix3'5=  ii-6 
Base  =  3'46x6  =  20'8 
Filling  =  2i'55  x8    =172-4 


Total  moment    =204*8 
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204-8 

.  •  .  Distance  x  of  resultant  weight  from  edge  -^  — ^g^^'"^^  *^"  ^PP'""^- 
Distance  a  of  load  point  L  from  line  of  action  of  weight 

8-33  X  15-8 

-=4-6o  ft. 


28-32 
Distance  DL  = 


4-65  =  2-58  ft. 


Fig    29. 


The  load  point  in  this  case,  therefore,  comes  outside  the  middle  third. 

28-32  >s'  2 


• .  Max.  pressure  on  soil= ^^  =7"3  kips  per  sq.  ft. 
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This  is  too  much,  so  that  we  must  extend  the  base. 

Trj'  extending  the  dimension  8  ft.  to  lo  ft.,  this  increases  the  weight  by  an  amount 
approximately  equal  to  (26-5  X2  x-iio -fi44  X4)=6'4i  kips  and  the  moment  by 
6'4i  >;  13  =  83-3. 

204-8  +  83-3     288-1 

.'  .  X  =  —^ — ; = =  8- so  ft. 

28-32  +  6-41       3473  ^ 

8-33  X  15-8 

a= =  3'79  ft. 

34-73  ^  '^ 

.-  .  i)L  =  8-30-3-79  =  4-5i  ft. 

34*73  X  2 
.  •     Max.  pressure  on  soil= —^ —  =  3-13  kips  per  .sq.  ft. 

This  is  still  too  high,  so  that  we  will  extend  the  base  i  ft.  further,  as  shown  in 
Fig.  29. 

This  increases  the  weight  by  an  amount  approximately  equal  to  (27X-110  — 
-144  X  2)  =  3-26  and  the  moment  by  3-26  x  14-5  =  47-3. 

288-1  +  4^-3     336-4  ,^ 

•■•'^~34-73  +  3-26- 38-0 -9-1  it. 

8-33  X  15-8 


38-0 


=  3-5  ft. 


Ufptvaral      Pressur-S 

i 

1. 

V          1 

1          i          1          i          1          i         i          k          i 

1 

J^ 

^^-'^'^^ 

» 

! 

^ 

^^^ 

0 

1 
1  * 

i  i      ' 

V 

t 

1        1 

+       r       r        T        »        1        \ 

Dotvni^-cir-al    Pressure 

^^^^^^^ 

In 

^^^^-^"^^ 

<\ 

^^ 

^--^          »         »          »          T          i          1 

* 

i     \ 

'  v^ 

^"■^ 

Resuiltant    Pressure 

>0 

N 

01         i        i       *        s   fcef 

Fr. 

1 

\ 

-^ 

Fig.  30. 

.-  .  i)L  =  9-i— 3-5  =  5-6ft. 
.  -  .  Eccentricity  of  load  from  centre  of  base=7-5— 5-6  ft.  =  i-y  ft. 

-,,                                   .,     38-0/       6xi-9\ 
.  •  .  ^lax.  pressure  on  sou  = l  ■'■"^ / 

:         =2-53  X  i*76  =  4-45  hips  per  sq.  ft. 
Min.  pressure  on  soil  =  2-53  (i  — -76)=-6i  kips  per  57.  //, 
These  pressures  are  within  the  limits  allowed,  and  so  the  dimensions  which  will 
ibe  adopted  are  3  ft.  projection  at  front  and  11  ft.  at  back. 
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In  these  calculations  we  make  no  allowance  for  the  additional  weight  of  the 
counterfort  over  its  equivalent  volume  of  soil  ;  the  effect  of  this  upon  the  results  will 
be    negligible. 

We  are  now  in  a  position  to  draw  the  resultant  pressure  diagram  for  the  base 
as  shown  in  Fig.  30. 

Sliding  Resistance  of  Wall. — Taking  tan  9' =  -5  for  dry  clay,  we  have  the  sUding 
resistance  =  IF  tan  (p'  =  38-o  x*5=  19  kips  ;  this  is  greater  than  the  maximum  earth 
pressure,  which  we  have  shown  to  be  equal  to  15-8  kips. 

It  might  be'urged  that  since  tan  cp'  =  '33  for  moist  clay  we  ought  to  err  on  the  safe 
side  and  take  this  value  because  it  is  difficult  in  practice  to  be  sure  that  the  clay  will 
not  become  wet  ;  in  reply  to  this  we  point  out  that,  if  the  clay  is  moist,  the  angle  of 
repose  will  become  much  more  than  30°,  which  we  have  assumed,  and  this  means  that 
the  earth  pressure  will  become  much  less,  so  that  the  wall  will  still  be  safe  against 
shding  even  if  the  clay  becomes  damp. 

Detail  Design  cf  Reinforcement. 

Wall  Slab. — We  have  shown  already  that  the  maximum  bending  moment  in 
the  wall  slab  is  120  kip-inches,  and  we  have  decided  to  adopt  an  effective  depth  of 
loj  in.  ;  we  will  turn  to  the  diagram  of  Fig.  2  and  find  the  spacing  required  for  f" 
round  bars.  To  do  this  we  run  down  vertically  from  the  point  where  the  loi"  line 
cuts  the  top  until  we  meet  the  dotted  line  marked  f "  9  ;  we  then  run  out  horizontally 
on  to  the  right-hand  scale  and  note  that  the  spacing  required  is  6-5  in.  We  will 
adopt  6  in.  ;  this  may  be  increased  to  9  in.  when  the  bending  moment  is  reduced  to  87 
kip-inches,  and  since  the  B.I\I.  is  proportional  to  the  earth  pressure,  and  that  decreases 
uniformly  to  zero  at  the  top,  we  may  increase  the  pitch  of  the  |"  9  bars  to  9  in.  at  a 

depth  of    —  X  23  =  16-7  ft.  from  the  top — i.e.,  we  will  have  twelve  rows  of  J"  9  bars 

at  6  in.  apart,  and  then  space  them  at  9  in. 

^^'e  will  continue  this  until  J"  9  bars  can  be  used  at  6  in.  apart  ;  rimning  in  from 
the  6"  line  on  the  right  of  Fig.  2  until  we  meet  the  dotted  J"  9  line,  and  then  dropping 
vertically  to  the  io|"  line  and  running  out  horizontally  to  the  left,  we  read  58  kip- 
inches,  so  that  we  may  come  down  to  J"  9  bars  at  6  in.  about  half-way  up,  as  shown 
in  Fig.  29,  and  then  increase  to  12  in.,  as  shown,  maintaining  this  pitch  to  the  top. 
In  order  to  provide  for  the  reverse  bending  moments  at  the  supports  we  will  bend  up 
as  shown  in  Fig.  31  ;  this  arrangement  enables  us  to  use  all  bars  of  the  same  shape, 
thus  assisting  considerably  in  the  construction. 

Distributing  bars  have  to  be  provided  in  accordance  with  regulation  78  ;  they 
must  not  be  further  apart  than  18  in.,  and  must  have  an  aggregate  cross-sectional 
area  of  at  least  '08  per  cent,  of  the  effective  cross-sectional  area  of  the  slab,  or  the 
diameter  of  each  such  bar  shall  be  at  least  one-sixteenth  of  the  effective  depth  of  the 
slab,  and  the  pitch  four  times  the  effective  depth. 

If  we  take  them  at  18  in.  apart,  the  area  of  each  must  be  = '- =  'i=,r 

100  -^ 

sq.  in.  ;    a  |"  9  bar  will  have  an  area  of  -196  and  would  do. 

Taking  the  second  alternative,  least  diameter  of  bar  required  =  — ^ — say  f  in.  . 

although  the  regulations  would  allow  us  to  increase  the  pitch  up  to  42  in.,  this  is  more 
than  is  desirable  ;    we  will  adopt  f  bars  at  2  ft.  6  in.  pitch. 

SHEAR. — The  maximum  shearing  force  on  one  of  the  horizontal  beams  i  ft. 
wide  into  which  we  consider  the  wall  slab  as  divided  is  i  X5  =  5  kips. 
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Taking  the  lever  arm  as  -SS   d  we  ha\e  rt  =  '88  x  io-5  =  9-2 


Shear  stress  in  lb.  per  sq.  in.=  -  - 


5,000 


=  45-3 


X9'2 

Ihi.s  is  less  than  is  allowed  on  the  concrete  alone,  so  no   special  shear  reinforce- 
ment IS  necessary 


1 
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Fig.  31. 


Front  Base  Slab. — Tliis  has  to  be  designed  as  a  cantilever  ;    taking  the  pressure 
given  by  Fig.  30,  we  have  for  i  ft.  length  of  wall 

(4- 16-^-3-26) 


Max   B.M.  =  ' 


3  :<  18  kip-in 


=  Z^  =  200  Ivip-in.  approx. 

Taking  the  effective  depth  d  as  34  in.  and  the  lever  arm  a  as  ='9  d,  we  have  : 

200 
Area  of  steel  required  per  foot  =    -  ='41  sq.  ni 

10  X  'y  X  34 
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We  will  adopt  J"  o  bars  12  in.  apart. 

(4' 16  y  3-26)  . 

The  maximum  shearing  forces ; x  3  =  11-1  kips. 

1 1- 1      1,000 
.  •  .  Shear  stress  per  sq.  in.=— -— — — --=30-2  lb.  per  sq.  m. 

iz  X  y  >  34 

This  is  less  than  is  allowed  by  the  regulations,  but  we  think  it  desirable  to  bend 
up  the  bars  as  shown  in  Fig.  29. 

Back  Base  Slab. — The  downward  pressure  per  sq.  ft.  varies  as  shown  in  Fig.  30. 

Taking  the  first  foot  from  the  extreme  end,  we  have  a  mean  pressure  of  2-5  kips 
per  sq.  ft.,  and  an  effective  depth  of  22-5  in. 

.  •  .  Max.  B.M.  on  a  span  of  10  lt.  =  — 

2-5  X  10  X  120 

=  300  kip-in. 


10 
B  300=1,000 


^49*3- 


trf^""  12  X  22-5  X  22-5 

As  this  is  less  than  95  the  concrete  will  be  safely  stressed,  so  that  we  need  com- 
pute only  the  steel  required. 

300 

The  area  of  steel  required  per  foot=  -,  — — /^  ^._='93  sq.  m. 

We  will  have  three  |"  9  bars  at  8  in.  apart,  then  one  |"  9  bar  at  12  in.  pitch, 
next  three  |"  o  bars  at  12  in.  apart,  %"  bars  at  12  in.  apart  being  used  up  to  the  wall. 

138x232 
Counterfort. — The    resultant   pressure   abo\e   the   slab  is   equal  to   -^^ —  = 

I3'4  kips  per  ft.  width. 

The  moment  about  base  of  whole  force  carried  by  each  counterfort  = 

23 
5  =  13-4x10  X — X12 

^12,300  kip-in. 

We  will  take  the  width  of  the  counterfort  as  18  in.  and  to  allow  for  the  fact  that 

the  reinforcement  is  inclined  we  will  take  the  effective  depth  as  10  ft.=:i20  in. 

95  6c/2     95x18x120x120  ,.,    . 

We  then  have = =24,700,  which  is  equal  to  the  concrete 

1,000  1,000  ^  '  ^ 

resistance  of  the  section,  and  is  much  in  excess  of  the  bending  mcment  which  we  have 

to  carry. 

We  therefore   calculate  the  reinforcement  required  from  an  assumed  lever  arm 

of  •gd. 

■       r  12,300 

i.e.,  Area  of  reinforcement  =  —; 

16  X '9X120 

=  7-13  sq.  in. 

We  will  use  9 — i"  9  bars  giving  A='yoj  ;  we  can  justify  our  adoption  of  an 
area  a  little  less  than  that  calculated  because  if  we  worked  it  out  accuratelv  bv  the 
specified  formula  we  should  find  that  the  lever  arm  is  a  lirtle  more  than  -gd. 

We  have  next  to  design  the  shear  reivforcemeiif  for  the  counterfort 

Taking  first  the  horizontal  reinforcement,  we  see  that  this  is  necessarv  to  transmit 
the  force  transmitted  from  the  wall  slab  to  the  counterfort. 

If  we  turn  Fig.  27  anti-clockwise  until  the  wall  slab  is  horizontal  we  see  that  tliis 
slab  is  loaded  by  the  earth  pressure  and  la  suspended  from  the  counterfort. 

If  we  take  stirrups  of  f  9  bars  bent  round  as  shown  in  Fig.  32  we  see  that  the 
tensile  strength  of  each  stirrup=i6  X2  x*3o6  =  9'8  kips. 
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Starting  from  the  bottom,  where  the  earth  pressiire=i  kip  per  sq.  ft.,  we  see  that 

the  tension  transmitted  per  foot  by  the  stirrup  =  (io— i-5)i  =  8-5. 

9-8 
.  ■  .  Length  which  one  stirrup  can  carry  =q —  X  12  in. 

=  13  in.,  and  allowing  for  the  decrease  in  pressure  shown  by  the  pressure  diagram 

we  will  make  this  15  in.        We  will  place  the  first  stirrup  6  in.  above  the  bottom  of  the 

wall  slab. 

21 
The  mean  pressure  over  the  next  length  will  be  approximately  —  of  its  previous 


value,  so  that  the  pitch  will  be 


23 


17    in.  approx.  ;    we  will  make  this  15  in., 


and  then  increase  3  in.  each  time  as  shown  in  Fig.  29  up  to  2  ft.  6  in. 

The  vertical  shear  reinforcement  has  to  carry  the  pressure  given  by  the  resultant 
pressure  diagram  shown  in  Fig.  30. 

Taking  double  stirrups  formed  of  ^"9  rods,    we   see  that  the  strength  of  each  is 

16  X  2  X -441  =  14*1  kips  ;    if  the  first  is  placed  2  ft.  6  in.  from  the  right-hand  end,  we 

see  that  since  the  pressure  here  shown  on  Fig.  30  is  i-g  kips  per  sq.  ft.,  the  stirrup 

14-1 
will  do  for  o  _      T.r.'^  ^-  in.  =  10-5  in.       We  will  therefore   put  the  next  one  i  ft   awav. 
o* J  X  1*9 

The  mean  pressure    at  that  point  is    1-5   kips  per  sq.   ft.,   so  additional  spacing  = 
<  10-5  =  2-2  in.       We  therefore  space  the  next  at  14  in.,  gradually  increasing 


1-9 


the  spacing  as  shown  in  Fig.  29. 
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SOME    REINFORCED   CONCRETE    BRIDGES, 

The  folloiuing  are  some  interesting  types  of  Reinforced  Concrete  Bridges  erected  on  the 
Continent.  We  are  indebted  to  Messrs.  Christiani  &  Nielsen  for  our  illustrations  and 
particulars.  — ED. 


Generally  speaking  reinforced  concrete  has  been  far  more  widely  used 
for  bridge  building  on  the  Continent  than  has  been  the  case  in  the  British 
Isles,  and  pontists  will  find  that  almost  every  type  of  structure  has  been 
experimented  upon  with  widely  differing  results.  Whereas  the  development 
of  brick  and  stone  bridges  may  be  traced  in  regular  sequence  through  ancient 
and  medieval  times,  the  modern  engineer  appears  to  be  evohang  concrete 
constructions  following  several  main  types,  and  the  four  bridges  here 
illustrated  (each  of  which  expresses  a  separate  and  distinct  principle)  are 
of  interest  to  all  interested  in  bridge  and  viaduct  construction. 

Fig.  I  shows  a  bridge  or  viaduct  built  for  the  Imperial  Russian  State 
Railways  wliich  forms  the  connecting  link  between  the  Russian  and  Finnish 
systems  and  which  has  a  length  of  2,000  ft. 

Owing  to  the  treacherous  nature  of  the  subsoil  and  the  loads  to  be 
carried,  piles  were  driven  to  a  depth  of  60  ft.  below  ground  surface, 
and  on  the  caps  of  these  piles  reinforced  concrete  supports  were  formed 
in  pairs,  thus  forming  a  series  of  bridges  with  spaces  between  them.  The 
connecting  links,  which  are  clearly  sho^\^l,  when  lifted  into  position 
rest  on  outer  ledges  of  each  pair  of  supports,  thus  allowing  for 
expansion,  which  is  ine\-itable  with  the  climatic  extremes  of  the  country, 
and  at  the  same  time  allowing  the  whole  structure  to  take  an  even  bearing 
upon  its  foundations.  Fig.  2,  which  shows  three  bays  of  the  whole,  is  self- 
explanatory. 

A  more  normal  type  is  shown  at  the  commencement  of  this  article, 
which  represents  a  viaduct  at  Odense,  Denmark,  and  which  is  of  arched 
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slab  tijim  with  earth  filhng.  The  general  lines  of  construction  are  sho\\Ti 
in  Fig.  3.  As  will  be  seen  by  the  photograph,  the  whole  structure  crosses 
the  railway  at  an  angle,  and  the  small  distance  between  soffit  of  crown 
and  road  surface  is  worthy  of  note. 

An  entirely  different  type  is  shown  in  Fig.  5,  which  shows  a  bridge 
over  the  railway  at  Vejle,  Denmark.  It  consists  of  a  series  of  four  piers  on 
either  side,  connected  by  arched  concrete  ribs,  whilst  similar  ribs  on  the 
outer  side  are  connected  to  a  continuous  abutment  beam.  A  beam  carried 
through  the  crowns  of  the  three  arches  supports  the  footway,  which  is 
widened  out  about  3  ft.  on  either  side  by  a  series  of  cantilevers  projecting 
from  the  main  beam.  Ties  and  stiff cners  strengthen  and  connect  the 
whole  construction,  which  is  shown  in  the  drawing.  Fig.  4. 

In  Fig.  6  is  shown  a  bow-string  arched  skew  bridge  which  crosses  the 
railway  at  Odense,  Denmark  The  work  is  designed  as  a  series  of  three 
arches,  crossing  the  railway  cutting,  and  rests  on  four  reinforced  concrete 
piers,  the  stresses  from  the  outer  ends  being  taken  by  monohthic  concrete 
retaining  walls. 

All  these  bridges  were  designed  and  executed  by  ^Messrs.  Chri.stiani 
&  Nielsen,    of  25,  ^'ictoria  Street,  Westminster. 


A  Bo'.v-Mnim  .\rcnea  .-->Kew  nrume  at  ouiii>e,  Denmark. 
Reisforcei5  Concrete  Bridges. 
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Extract  from  the  Report  issued  by  Sir  J.  Tudor  Walter's  Committee,  appointed  by  the  Local 

Government   Board  to   consider   Questions  of  Buildiut?   Construction  in  connection   with 

the  Provision  of  Dwellings  for  the  Working  Classes. 

In  another  part  of  this  issue  we  have  referred  to  the  Report  just  issued  on  the  Housing 
Question,  by  the  Tudor  Walter  Committee-  In  the  following  pages  we  reproduce  that  part 
of  that  section  of  the  Report  dealing  -with  Construction,  ar'd  which  is  of  special  interest  to 
our  readers. — ED. 


Part  IX. — Economy  ix  Construction. 

173.  In  considering  the  present  position  of  house  building  as  a  craft  or  group  of 
crafts  A\ith  a  \dew  to  reporting  upon  economy  in  construction,  we  think  it  well  to  recall 
how  that  position  has  been  reached  ;  for  no  country  has  a  finer  tradition  in  reference 
to  the  building  of  the  small  hoiise  than  our  ow-n.  Yet  cottage  building  during  the 
last  century  came  to  be  regarded  as  the  easy  job  of  the  building  trade,  requiring  neither 
skill  in  design  nor  science  in  erection.  Seeing  the  ease  ^\'ith  which  local  builders 
had  erected  successful  cottages  all  over  the  country-  admirably  adapted  to  the  ideas 
and  conditions  of  their  day,  the  industrial  age  when  it  needed  to  carry  out  urban 
housing  on  a  wholesale  scale  and  under  quite  new  conditions  entirely  overlooked  the 
accumulated  traditions  of  centuries  of  local  experience  which  had  guided  the  design 
and  construction  of  the  old  countr\^  cottages  in  the  different  districts,  and  which  had 
evolved  those  many  beautiful  local  types  that  still  excite  the  admiration  of  the  world. 
Hence,  while  science  and  skill  were  devoted  in  ever-increasing  measure  to  the  develop- 
ment of  industrial  processes,  no  such  attention  was  paid  to  house  building.  In  ^-iew, 
however,  of  the  multiplicity  of  the  requirements  of  human  life  to  be  pro\-ided  for, 
and  the  diversitv  of  materials,  processes,  and  skilled  labours  which  have  to  be  assembled 
and  combined,  each  in  its  due  order  and  under  the  proper  conditions  which  alone 
ensure  success,  the  cottage  must  be  regarded  as  one  of  the  most  complicated  and 
difficult  of  productions.  In  the  absence  of  traditional  skill  and  guidance,  which 
rapidly  changing  conditions  have  largely  destroyed,  such  a  product  needs  scientific 
study  of  all  its  parts  and  thorough  organisation  of  its  erection,  if  a  result  at  once 
efficient  and  economical  is  to  be  secured . 

174.  A  certain  limited  number  of  skilled  contractors  have  undertaken  the  building 
of  small  houses  on  a  large  scale.  Such  contractors  have  attained  considerable  success 
in  producing  at  a  remarkably  low  cost  a  few  types  of  houses  which  had  become  custo- 
mar\'.  Unfortunately,  though  ver\*  naturally,  they  have  largely  accepted  the  t^^-pe 
which  had  grown  up  in  the  period  of  neglect.  Impro\-ements  have  indeed  been  made 
from  time  to  time,  and  certain  standard  types  of  plan  and  construction  have  been 
demonstrated  by  experience  to  be  cheap  imder  general  conditions,  and  to  be  acceptable 
to  the  tenants,  at  least  in  the  absence  of  anything  more  attractive  ;  there  is  in  this 
experience  of  cheap  building  a  valuable  basis  which  is  deser\ang  of  careful  studv. 

175.  During  the  last  20  or  30  years,  however,  there  has  been  a  ver\'  great  revival 
of  interest  in  the  small  house  as  a  problem  of  planning,  design,  and  construction; 
architects,  builders,  and  social  reformers  have  studied  the  question  and  together  tried 
numerous  experiments.     Manv  new  tvpes  of  cottage  have  been  worked  out  and  tested. 
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manv  designs  of  great  beauty  produced,  and  in  some  districts  there  mav  now  be 
found  small  suburbs,  \-illages,  and  estates  consisting  of  such  houses,  or  at  least  scattered 
examples  sufiticient  to  show  the  general  tendency  which  has  developed  as  the  outcome 
of  these  efforts.  Some  of  these  examples  have  not  only  been  admirable  in  plan  and 
design,  but  ha^•e  also  proved  economical  in  construction  and  have  reahsed  for  the 
owners  rents  which  ha^•e  given  a  good  return  for  the  outlay.  This  movement  has  for 
some  years  been  running  parallel  to  speculative  house  building  ;  it  has  only  hitherto 
been  responsible  for  a  small  though  a  gro^\'ing  percentage  of  the  houses  built  ;  its 
influence,  however,  by  way  of  example,  in  improving  the  standard  of  house  building, 
has  been  more  widely  extended. 

176.  Such  was  the  position  reached  before  the  war  arrested  the  building  of  houses 
completely  for  three  or  four  years,  and  changed  the  whole  conditions  on  which  both 
branches  of  the  industry^  were  based.  After  the  war  a  new  start  must  be  made,  and 
success  can  only  be  secured  by  a  careful  consideration  of  new  conditions  in  the  light 
of  the  best  experience  of  the  past.  We  have,  therefore,  tried  to  keep  in  view  in  per- 
paring  this  part  of  the  Report  the  foUowdng  considerations  : — 

1.  That  it  is  desirable  to  take  ad^-antage  of  the  best  results  of  the  experi- 
mental work  which  has  been  carried  out  by  individuals,  pubUc  utility  societies, 
and  others,  Avho  have  been  building,  not  -with  the  sole  aim  of  securing  the 
maximum  financial  result,  but  \\^th  a  view  to  producing  the  best  tj^pes  of  house 
that  could  be  built  to  Adeld  a  moderate  return. 

2.  That  the  methods  of  economical  building  adopted  by  the  best  builders 
who  have  concentrated  their  skill  and  attention  on  building  cottages  on  a  large 
scale  are  deserving  of  careful  study. 

3.  That  the  up-to-date  methods  of  business  organisation,  scientific  costing, 
standardisation,  etc.,  which  have  been  found  effective  in  other  industries  and 
which  the  pressure  of  war  has  caused  to  be  more  generally  adopted  are  applicable 
with  due  adjustments  to  the  cottage-building  industry. 

4.  That  the  war  has  changed  many  of  the  conditions  of  the  industry,  has 
altered  the  positive  and  relative  values  of  most  of  the  materials  and  labours 
connected  with  the  processes  of  building,  has  caused  a  scarcity  of  some  materials 
which  is  hkely  to  persist  for  a  considerable  period  after  its  close,  and  has  rendered 
necessary  a  reconsideration  of  the  whole  subject  of  house  construction. 

5.  That  a  detailed  study  of  each  component  part  and  process  connected 
with  house  building  is  required  to  determine  what  are  the  best  methods  of  secur- 
ing the  greatest  economy  and  efficiency  in  the  light  of  the  new  circumstances 
which  will  be  likely  to  prevail. 

6.  That  the  large  number  of  houses  required  iramediatelv  after  the  war, 
and  the  probability  that  these  will  be  erected  under  some  degree  of  Govern- 
ment influence  or  control,  will  afford  an  opportunity  for  securing  economies 
due  to  organisation  and  standardisation  applied  on  a  scale  not  usuallv  practic- 
able. 

7.  That  certain  special  conditions  must  be  considered  in  reference  to 
building  immediately  after  the  war  which  may  be  expected  to  endure  for  a 
limited  time  onl}-. 

177.  At  an  early  stage  we  reached  the  conclusion  that  so  far  no  revolutionary 
developments  of  materials  or  processes  had  been  evolved  that  were  likely  to  result  in 
sensational  changes  in  the  character  of  house  building,  but  that  there  were  a  number  of 
suggestions  in  many  branches  of  the  work  which  deserved  in%-estigation  ;  that,  in  fact, 
the  whole  of  the  processes  called  for  review,  in  the  hope  that  a  number  of  improve- 
ments and  economies  might  be  found,  the  accumulated  effect  of  whicli  might  be 
considerable  though  individually  they  might  seem  to  be  small. 

178.  Further,  we  found  that  many  materials  and  methods  bclie\'ed  to  be  eco- 
nomical or  efficient,  or  to  promise  suitable  substitutes  for  materials  likely  to  be  scarce, 
would  need  to  be  investigated  and  tested  scientifically  in  order  to  determine  their 
durability  or  other  qualities  and  the  safe  limits  of  their  use  before  they  could  be  recom- 
mended. We,  therefore,  sought  the  assistance  of  the  Department  of  Scientific  and 
Industrial  Research,  and,  as  a  result,  a  small  Committee  was  appointed  to  undertake 
the  necessary  investigations. 
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A  number  of  researches  have  been  put  in  hand,  the  results  of  which  it  is  proposed 
to  embody  in  a  subsequent  report  so  soon  as  they  are  completed  ;  for  the  present  it 
will  only  be  possible  to  indicate  in  these  cases  the  apparent  tendency  of  the  in\-estiga- 
tion  in  so  far  as  that  has  already  been  made  clear. 

179.  In  comparing  the  exact  costs  of  different  materials  and  processes,  we  have 
found  it  impossible  to  do  as  much  viseful  work  as  we  would  have  wished  to  do  if  our 
inquiry  had  taken  place  in  normal  times.  Pre-war  prices  no  longer  form  any  useful 
guide  ;  even  the  relation  of  these  prices  has  ceased  to  be  reliable  ;  the  variations  not 
only  between  the  prices,  but  in  the  relation  of  the  prices  of  one  class  of  work  or  material 
to  another  in  different  districts  of  the  country,  are  so  great  that  we  have  felt  it  useless 
to  attempt  to  deal  in  exact  figures  with  this  aspect  of  the  matter.  Even  in  pre-war 
days  great  difficulty  was  experienced  in  relation  to  house  building  owing  to  ^-a^iations 
in 'prices  as  between  different  localities  and  different  contractors,  variations  for  which 
it  was  not  easy  to  account.  It  is  probable  that  such  variations  were  partiallv  due  to  a 
want  of  scientific  costing  in  the  production  of  the  component  parts  of  the  houses 
and  to  the  office  methods  of  many  builders  engaged  in  the  industry. 

The  following  examples,  taken  from  actual  costs  of  works  executed  in  191 7,  show 
the  percentage  of  extra  cost  in  each  case  over  the  costs  of  similar  works  in  1914,  and 
the  varjdng  relation  of  different  classes  of  work  in  different  districts  :■ — 

Trade.  District  A.  District  B.  District  C. 

Per  cent.  Per  cent.  Per  cent. 

Brickwtuk 41      67      86 

Slating         22      •     74      65 

Carpenter's  work   ...  ...  ...  ...       i2g      ...  ...     164      ...  ...     iSi 

Plumber's  work      ...  ...  ...  ...         79      ••■  •■•     169      ...  ...      119 

180.  Owing  to  the  diversity  of  the  trades  affected  and  the  great  number  of  the 
materials,  fittings,  and  different  kinds  of  articles  which  go  to  make  up  a  finished 
cottage,  it  is  obvious  that  a  complete  investigation  into  every  one  of  these  could  not  be 
carried  out  by  us  witliin  the  time  available.  We  have,  therefore,  endea\oured  to 
concentrate  attention  on  more  important  items,  on  those  most  likely  to  be  affected 
by  new  conditions  due  to  the  war  and  on  those  in  connection  with  which  any  improve- 
ments or  suggestions  towards  economy  have  been  definitel}^  brought  before  us  in 
evidence. 

181.  We  have  been  struck  by  the  exaggerated  idea,  widely  held,  as  to  the  possi 
bility  of  economies  in  certain  directions  ;  we  have  been  repeatedly  assured  that  the 
adoption  of  this  or  that  method  or  process  would  secure  a  reduction  in  the  cost  of  the 
cottage  of  5,  10,  or  even  20  per  cent.  With  a  view  to  arriving  at  some  definite  scale 
of  proportion,  the  materials  and  labours  in  connection  with  one  or  two  sample  groups 
of  cottages  were  investigated,  and  the  percentages  which  each  group  represented  in 
the  total  expenditure  on  the  cottages  w^ere  worked  out.  The  following  tables  give 
one  or  two  examples  of  the  relative  percentages  : — (I.)  on  the  basis  of  a  priced  schedule 
of  quantities  in  which  the  labours  and  materials  are  taken  together  and  represented 
mainly  under  the  headings  of  different  trades  concerned,  and  (II.)  based  on  the  actual 
costs  of  fourteen  suburban  cottages  built  by  direct  labour,  in  which  the  materials  are 
separated  from  tlie  laboiu"  and  are  grouped  mainly  in  accordance  with  the  different 
trades  supplying  them. 

By  reference  to  Table  I.  it  will  be  seen  that  the  highest  figure  represented  bv  anv 
one  trade  is  that  of  the  bricklayer,  which  includes  much  besides  the  actual  shell  of  the 
building,  and  this  only  represents  31  per  cent,  of  the  total  cost  of  the  building  ;  while 
by  reference  to  Table  II.  it  will  be  seen  that  bricks  only  represent  about  10  per  cent, 
of  the  total  cost  of  the  building.  ^'Vl'len,  therefore,  it  is  suggested  that  tlie  adoption 
of  certain  concrete  blocks  for  walling  in  place  of  brickwork  can  result  in  a  sa\'ing  in  the 
total  cost  of  25  per  cent.,  a  suggestion  which  is  not  infrequentl3^  made,  it  must  be 
obvious  that  no  such  saving  on  this  one  item  is  possible.  None  the  less,  it  remains 
true  that  the  bricklayers'  trade,  taken  as  a  whole,  is  one  of  the  largest,  and  that  the 
woodwork  represents  the  next  important  element  in  the  cost.  It  is  interesting  to  note 
that  the  labour,  which  is  mainly  labour  of  erection,  though  a  certain  amount  of  shop 
labour  in  preparing  joinery  is  included,  represents  by  far  the  largest  single  item  in  the 
cost.  In  the  instance  recorded  iir  Table  II.  the  item  for  o\-erhead  charges  includes  a 
small  sum  for  architect's  fees,  and  the  remainder  consists  of  a  10  per  cent,  allowed  on 
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the  cost  of  labour  and  materials  to  cover  establishmsnt  and  plant  charges  ;  these  may 
vary  somewhat  from  ordinary  contract  conditions,  but  will  not  materiallv  affect  the 
relative  figures  as  between  the  different  classes  of  trades  and  labours. 

Proportions  of  the  Total  Cost  of  a  Cottage  represented  by  different  Materials  and 

Labours. 

Table  I. — -Based  on  Priced  Bill  of  Quantities  for       Table    II. — Ba^ed    on    the    Actual    Cost    of    14 

a    pair    of    Rural    Cottages.       Labour    and  Suburban  Cottages  built  bv  Direct  Labour. 

Materials  taker  together  given  in  Percentages  Labour  and  Materials  given  separr.tel  v. 

of  the  Total  Cost.  Per  cent. 

Per  cent.       Timber  manufactured  and  unmanufac- 

Preliminary  items,  insurances,  "tc  ...      3-25  tured       ...  ...  ...  ...  ...  17-48 

Excavator  and  concretor  ...         ...      5-00  Bricks         ...         ...         ...         ...  ...      g-8o 

Drainer*    ...  ...  ...  ...  ...      i-oo  Roof  tiles,  ridge,  etc.        ...  ...  ...      1-65 

Bricklayei-.  etc.      ...  ...  ...  ...    31-00  Glazed  and  floor  tiles       ...  ...  ...      0-48 

Concrete  block  partitions  and  fixing     ...      2-25  Sanitary  ware  and  pipe?...  ...  ...      2-30 

Roof  tiler  ...  ...  ...  ...  ...      4*50  Portland  cement  ...  ...  ...  ...      2-12 

Carpenter  and  joiner        ...  ...  ...    26-37  Plaster  and  mortars         ...  ...  ...      3-57 

Ironmongery  ...  ...  ...  ...      i'75  Ballast,  sand,  etc.  ...  ...  ...      "1-82 

Smith    and   ironfounder.    including    fire  All  castings  ...  ...  ...  ...      4-13 

grates      ...  ...  ...  ...  ...      4*13  Lead,  sheet,  and  pipes     ...  ...  ...      2-18 

Plasterer    ...  ...  ...  ...  ...    11-25  Locks,     latches,      ironmongery,      nails. 

Plumber     ...  ...  ...  ...  ...      5-75  screws,  and  taps  ...  ...  ...      2-81 

Rainwater  butts    ...  ...  ...  ...      i-oo  Paint,  varnish,  wallpaper,  putty,  glass, 

Painter  and  glazier  ...  ...  ...      2-75  oil,  glue,  etc.      ...  ...  ...  ...      2-38 

Gas  fittings  ...  ...  ...  ...      0-75 

Sunclry  materials  ...  ...  ...      1-26 

Labour  of  all  kinds  ...  ...  ...  35-77 

Overhead  charges  of  all  kinds,  including 

tees  '^.  11-50 


Total  Cost  ...  ...  ...  loooo  Total  Cost 

*  Drainage  item  small,  as  earth-closets  were  provided. 

182.  In  considering  the  order  in  which  the  different  branches  of  the  subject 
should  be  pursued,  it  seemed  most  convenient  to  take  the  general  order  usuallv  adopted 
in  specifications  and  schedules  of  quantities,  grouping  the  different  materials  and 
processes  under  the  headings  of  trades  with  which  they  are  concerned,  and  this  order 
has  been  generally  adopted.  There  were,  however,  certain  matters  of  outstanding 
importance  to  which  it  seemed  desirable  to  give  preference  ;  these  were  first  considered, 
and  referred  to  the  Research  Committee  for  certain  investigations  to  be  carried  out. 
The  two  most  important  matters  were  : — 

1.  The  consideration  of  possible  substitutes  generally  or  locallv  advanta- 
geous in  place  of  bricks  or  stone  for  walling  in  connection  with  cottages,  particu- 
larly the  question  of  the  use  of  concrete  for  such  purpose. 

2.  The  finding  of  substitutes  for  the  varioiis  uses  of  timber  in  cottage 
construction. 

183.  Owing  to  the  extent  to  which  brickworks  have  fallen  out  of  comniission 
aiid  have  been  occupied  for  storage  or  other  purposes,  or  have  been  working  on  a  \-ery 
limited  output  owing  to  the  shortage  of  labour,  there  is  at  any  rate  considerable 
probability  that  bricks  may  not  be  available  in  anything  like  adequate  quantities  to 
meet  the  building  demands  in  the  period  immediately  after  the  war.  Moreover, 
bricks  are  bulky,  and  there  is  every  reason  to  expect  that  very  heavy  tratiic  will  be 
thrown  on  the  railways  during  the  period  in  questi(m,  and  that  the  transport  of  bricks 
for  any  considerable  distance  will  be  very  undesirable  from  the  trafiftc  point  of  view, 
and  may  quite  possibly  have  to  be  avoided  even  in  cases  where  financiallv  it  might  be 
economical.  In  these  circumstances  the  question  of  possible  substitutes  appears  to 
be  one  of  considerable  importance  ;  it  is  not,  however,  one  of  great  simpUcitv  ;  other 
factors  besides  the  theoretical  ones  have  to  be  considered,  and  particularly  is  this  the 
case  in  reference  to  the  emergency  housing  to  be  undertaken  immediately  after  the 
war.  It  inay  well  be  that  the  employment  of  new  methods  of  construction  or  the 
adoption  of  new  materials  which  would  ultimately  prove  economical  might  on  the 
contrary  turn  out  to  be  locally  or  temporarily  expensive  owing  to  the  alxsence  of  skill 
on  the  part  of  the  available  workmen  or  lack  of  experience  on  the  part  fif  tlie  local 
contractors. 

(To   be   continued.) 

637 


CONCRETE  ROAD  AT  GREENHITHE. 


iCQNCKETEi 


CONCRETE  ROAD  AT 
GREENHITHE, 


At  fne  present  time  "when  the  rebuilding  of  many  of  our  roads  is  claiming  the  attention 
of  the  authorities,  and  the  use  of  concrete  for  some  of  them  is  being  considered,  no  doubt 
recent  examples  of  concrete  roads  built  in  this  country  ■will  be  of  interest  to  all  concerned.  — ED. 


Ix  the  June  number  of  Concrete  and  Constructional  Engineering  reference  was 
made  to  concrete  roadways  in  connection  with  industrial  works,  one  example 
cited  being  that  which  forms  the  approach  to  the  Ingress  Abbey  works  of  the 
Wall  Paper  Manufacturers,  Ltd.,  at  Greenhithe.  We  are  now  able  to  show  a 
photograph  of  this  road,  which  was  laid  during  the  spring  of  this  year  and  has 
been  open  to  traffic  some  six  or  seven  months. 


The  kcrbing,  6  in.  wide,  of  plain  concrete  consisting  of  a  3  :  i  mixture  of  sand 
and  cement  was  first  laid  in  situ,  contraction  joints  being  placed  at  intervals  of 
12  ft.  This  then  served  as  side  forms  for  the  roadway  itself,  which  was  constructed 
in  two  courses.  The  concrete  for  the  lower  course  of  4  in.  was  composed  of  washed 
and  crushed  pit  ballast  mixed  with  Portland  cement  in  the  proportion  of  6  :  i  ;  on 
this  was  deposited  a  wearing  coat  2  in.  thick  and  proportioned  3:1.  The  concrete 
was  laid  in  alternate  bays,  care  being  taken  that  the  work  on  each  bay  was  con- 
tinuous.    As  the  road  was  reinforced  no  "  joints  "  in  the  usual  acceptance  of  the 
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term  were  provided,  but  a  single  thickness  of  tarred  paper  was  placed  against  the 
ends  of  the  completed  bays  before  the  intervening  spaces  were  filled  in. 

Each  bay  was  provided  separately''  with  its  own  section  of  reinforcement, 
which  consisted  of  B.R.C.  fabric,  and  was  placed  in  the  centre  of  the  concrete,  that 
is  to  say,  3  in.  from  the  bottom.  In  order  to  secure  for  the  metal  complete  protec- 
tion, and  immunity  from  risk  of  corrosion,  the  fabric  was  so  placed  that  it  did  not 
extend  the  full  length  and  width  of  each  bay,  but  stopped  2  in.  short  of  the  ends 
and  of  the  kerb  on  each  side. 

The  traffic  consists  mainly  of  large  motor  lorries  and  steam  tractors,  and  so  far 
the  road  is  said  to  have  given  every  satisfaction. 

MEMORANDUM. 

Concrete  Roads. — -In  a  recent  issue  of  The  A  utocar  jNIr.  Percy  Boulnois  (Chairman 
of  the  Council  of  the  Roads  Improvement  Association)  briefly  discusses  some  points 
for  and  against  the  adoption  of  Concrete  Roads.  We  do  not  think  we  can  do  better 
than  to  reproduce  the  short  notes  which  appeared  in  the  above-mentioned  journal  : — 
"  An  ordinary  Portland  cement  concrete  road  Avith  a  smooth  surface  is  an  ideal 
highway  for  all  descriptions  of  niotor  vehicle  or  bicycle  if  the  wheels  are  provided  with 
rubber  tyres.  Why  is  it,  therefore,  that  roads  of  such  construction  have  scarcely 
been  tried  in  the  British  Isles,  whereas  in  America,  Canada,  and  other  countries,  many 
millions  of  square  yards  of  concrete  roads  have  been  laid  with  marked  success  ? 

"  Constructional  Conditions  to  be  Observed. — It  is  a  little  difficult  to  trace  the  reasons 
for  this  antipathy  amongst  the  road  makers  of  our  country,  but  it  may  probably  arise 
from  the  following  causes  : 

"  I.  At  least  three  or  four  weeks  should  elapse  for  the  concrete  to  set  hard  before  any  trafi&c  is 
allowed  on  its  surface,  and  this,  in  some  cases,  is  almost  prohibitive  where  the  traffic  cannot  possibly  be 
diverted. 

'■  z.  Very  close  supervision  is  necessary  whilst  this  description  of  construction  is  proceeding — a 
little  carelessness  on  the  part  of  the  workmen  will  turn  out  a  batch  of  concrete  of  inferior  quality,  with 
disastrous  results. 

"  3.  Unless  precautions  are  taken  inlaying  the  concrete,  the  surface  is  liable  to  crack  in  an  unsightly 
manner,  and  there  is  no  doubt  that  greater  care  has  to  be  exercised  in  the  building  of  a  concrete  road 
than  in  dealing  with  any  other  form  of  construction. 

"  4.  When  openings  are  required  for  the  purpose  of  laying  gas  or  water  mains,  or  for  any  other 
purpose,  the  breaking-up  of  such  a  material  is  more  difficult  and  troublesome  than  is  the  case  with  other 
forms  of  construction,  and  the  reinstatement  of  such  a  road  requires  very  special  care. 

"  5.  The  cost  has  hitherto  worked  out  at  about  6s.  per  sq.  yd.,  though  this  cost  has  been  mainly  due 
to  the  small  area  treated.  In  America  and  Canada  the  cost  has  been  reduced  by  the  employment  of 
special  machinery  on  large  areas  of  roads,  thus  greatly  reducing  the  charges  in  respect  of  labour. 

"  In  spite  of  these  drawbacks,  however,  an  unsurfaced  concrete  road  has  manv 
advantages.  It  will  withstand  the  heaviest  traffic,  especially  if  it  is  slightly  reinforced 
with  steel  rods  or  netting.  It  presents  an  excellent  surface  for  all  classes  of  traffic, 
though  somewhat  noisy  where  metal  tyres  are  used  on  the  wheels  of  the  vehicles.  It 
is  never  slippery  under  any  conditions  of  weather,  and  can  be  laid  on  quite  steep  hills. 
The  camber,  or  barrel,  of  the  surface  can  be  reduced  to  a  minimum,  owing  to  the 
impervious  nature  of  the  material,  and  it  has  no  tendency  to  spread,  creep,  or  become 
wavy,  which  are  some  of  the  inherent  faults  in  roads  constructed  with  bituminous 
compounds.  It  is  an  economical  road,  for  when  once  constructed  it  requires  little  or 
no  repairs  for  inany  years,  especially  if  the  surface  be  occasionally  tar  painted  as 
needed. 

"  To  Meet  Post-war  Traffic  Requirements. — A  concrete  road  naturally  becomes 
harder  and  harder  with  time,  while  it  is  easily  kept  clean,  has  a  good  appearance,  and 
the  tractive  force  required  to  propel  a  vehicle  upon  it  is  low.  It  requires  no  artificial 
foundation,  unless  the  natural  ground  is  very  soft,  as  if  laid  6  in.  thick  and  reinforced 
it  will  carry  very  heavy  loads  without  sinking. 

"  There  can  be  no  doubt  that  after  the  war  the  use  of  our  roads  for  the  transport 
of  merchandise  will  largely  increase  in  intensity,  and  it  will  be  necessary  to  construct 
our  roads  to  stand  up  to  this  heavy  traffic.  It  is  to  be  hoped,  therefore,  that  the  road 
authorities,  and  their  expert  advisers,  will  be  able  to  construct  our  roads  on  modern 
lines,  and  possibly  in  this  connection  concrete  may  be  found,  in  certain  localities,  to  be 
the  best  form  of  construction  to  meet  the  requirements. 

"  Which  of  our  county  or  borough  surveyors  will  be  bold  enough  to  act  as  a  pioneer 
in  this  movement  ?  " 
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There  has  been  a   considerable  increase  in  the  use  of  asbestos  cement  in  the  building 
industry  daring  recent  years,  and  the  folloiving  notes  should  be  of  interest.— ED. 


Introduction. — The  important  part  that  has  been  played  by  asbestos  cement 
during  the  war  is  scarcely  realised,  because  so  much  of  the  work  in  which  it  has  been 
used  constitutes  special  work  that  cannot  be  illustrated  and  described  without  the 
consent  of  the  authorities. 

The  material  has,  however,  proved  invaluable  on  account  of  its  peculiar  pro- 
perties, and  it  is  likely  to  be  even  more  extensively  emplo^^ed  in  the  future  as  these 
properties  become  more  generally  known,  and,  furthermore,  considerable  impro\-ements 
have  been  made  in  the  manufacture  since  it  has  become  a  British  industry.  One  of 
the  chief  ad\-antages  obtained  with  asbestos  cement  is  that  of  lightness,  combined 
■with  comparativel}-  great  strength,  and  this  is  of  particular  importance  for  some 
classes  of  work,  while  its  adaptabiUty  to  any  reasonable  shape  makes  it  suitable  for  a 
number  of  purposes  in  connection  wnth  buildings. 

Historical. — Asbestos  cement,  tiles,  and  sheets  were  originally  manufactured 
on  the  Continent  under  what  Avere  known  as  the  Hatschek  patents,  and  up  to  a  few 
years  ago  this  country  was  dependent  on  Germany  and  Austria  for  its  supply.  The 
passing  of  the  Patents  Act  in  1907,  however,  brought  about  a  change,  as  the  patents 
in  question,  it  is  interesting  to  note,  were  the  first  to  come  before  the  courts  under 
this  Act.  After  a  lengthy  hearing  it  was  decided  that  the  production  of  these  tiles 
and  sheets  could  not  be  restricted  to  foreign  countries,  because  the  patentee  used  the 
monopoly  conferred  upon  him  by  his  patent  rights  in  this  country  to  exploit  the 
articles  manufactured  abroad,  and  did  not  estabhsh  any  part  of  the  industry  here. 
On  appeal  to  the  High  Court  this  decision  was  upheld,  with  the  result  that  important 
works  have  been  established  in  Great  Britain,  and  we  have  been  rendered  independent 
of  foreign  supplies,  while  providing  employment  for  many  workers.  The  establish- 
ment of  this  new  industry  has  been  very  timely  under  the  circumstances,  as  the 
manufacture  was  in  a  favourable  position  when  the  war  broke  out.  It  is  no  exaggera- 
tion to  say  that  many  million  square  feet  have  been  used  by  the  Government  during 
the  last  four  years  for  various  purposes  in  connection  with  war  supplies  ;  thus  the 
importance  of  the  material  will  be  evident. 

Manufacture. — The  substance  is  manufactured  with  asbestos  fibre  and  Portland 
cement,  which  are  mixed  in  proportions  usually  about  i  to  6,  and  as  the  fibre  acts  as  a 
kind  of  reinforcement  to  the  cement,  it  is  essential  that  the  asbestos  should  be  uniformh- 
distributed  so  that  the  fibres  interlace  with  each  other.  In  some  of  the  cheaper 
varieties  made  on  the  Continent,  the  material  is  formed  by  pressing  out  into  moulds 
a  cement  and  asbestos  mixture  in  jets,  with  the  result  that  the  product  lacks  elasticit\- 
and  homogeneity,  and  it  is  brittle  and  unreUable. 

The  asbestos  used  in  this   method  is   usually  weak  and  powderv,  and  not  onlv  is 
there  a  want  of  continuity  in  the  fibre,  but  the  powderv  material  is  liable  to  adverselv 
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affect  the  setting  of  the  cement.  In  the  British  method  of  manufacture,  specially 
selected  fibre  is  used,  and  after  mixing  the  material  is  passed  through  specially 
designed  rolling  mills  in  the  form  of  layers,  the  thickness  of  which  is  about  0007  of 
an  inch,  and  these  la3^ers  are  so  compressed  that  the  adhesion  is  perfect,  and  after 
reaching  the  mature  stage  the  finished  sheet  is  devoid  of  any  stratification.  The 
thickness  is  therefore  built  up  of  several  laj'ers  or  films,  sometimes  twenty  in  number, 
and  in  each  of  these  layers  the  asbestos  fibre  is  uniformly  distributed  and  interlaced 
so  as  to  constitute  a  species  of  tough  woven  fabric.  Like  other  materials  made  ^\•ith 
Portland  cement,  the  strength  increases  with  age,  and  exposure  to  the  atmosphere 
increases  the  hardness,  and  does  not  tend  to  cause  decay,  as  occurs  with  many  building 
materials,  unless  some  kind  of  preservative  is  periodically  applied. 

Owing  to  the  close  expert  supervision  that  is  employed  during  all  the  processes 
of  manufacture,  the  up-to-date  machinery,  and  the  standardised  methods  adopted, 
the  product  is  reliable  on  account  of  its  consistent  good  quality,  and  the  prejudice  that 
existed  against  the  material  a  few  years  ago  has  been  entirely  removed. 

Advantages. — There  are  many  features  of  asbestos  cement  which  tend  to  increase 
the  demand  for  supplies  in  the  building  trade,  and  not  the  least  important  of  these 
is  the  fact  that  the  material  can  be  readily  worked  and  quickly  fixed  \\dth  ordinary 
carpenters'  tools.  It  can  be  sawn  to  required  sizes  or  shapes,  it  can  be  drilled  for  bolts 
or  rivets,  or  can  be  fixed  with  ordinary  nails.  If  a  perfectly  true  edge  is  required 
after  cutting,  it  can  be  obtained  by  the  use  of  a  plane,  and  even  large  sheets  are  re- 
markably light  and  can  be  handled  with  ease,  and  there  is  no  fear  of  breaksige.  The 
lightness  is  of  importance  when  used  for  roofing,  as  the  structural  members  required 
to  support  the  material  can  be  smaller  than  those  necessary  for  other  permanent  forms 
of  roofing.  It  requires  no  painting  to  protect  it  from  the  weather,  and  it  is  thus  far 
more  economical  than  corrugated  iron,  which  needs  continual  painting  to  prevent 
decay,  especially  in  some  situations.  The  material  has  been  extensively  used  for  work 
in  contact  with  acids  and  salts,  and  its  resistance  to  the  fumes  or  actual  liquids  has 
been  proved  to  be  excellent  under  the  most  trying  conditions,  while  the  non-absorlent 
nature  and  smooth  unflaking  surface  are  distinct  advantages  for  almost  all  classes  of 
work.  Its  incombustibility  has  led  to  its  adoption  as  a  fire-resisting  protection  to 
other  materials,  and  its  durability  renders  it  an  economical  substance  for  roofs,  wall 
and  ceiUng  linings,  and  other  similar  purposes.  As  an  insulator  it  is  good,  and  this 
combined  with  its  resistance  to  frost,  rain,  wind,  and  acids  renders  it  a  perfectly  safe 
and  satisfactory  material  to  use  under  almost  any  conditions.  It  should  be  impressed 
upon  the  user,  however,  that  these  advantages  will  not  alwa^-s  obtain  with  the  cheap 
and  inferior  kinds,  and  only  the  best  British  makes  should  be  adopted  if  real  economy 
and  satisfaction  is  to  result. 

Uses. — The  material  is  obtainable  in  two  forms — viz.  :  (i)  As  asbestos  cement 
sheets  in  varying  thickness  from  J  in.  to  i  in.,  the  standard  sizes  being  8  ft.  by  4  ft. 
and  4  ft.  by  4  ft.,  but  sheets  6  ft.  by  3  ft.  can  also  be  obtained  when  required  ;  (2)  as 
tiles  for  roofing  work,  these  being  of  various  colovirs,  sizes,  and  shapes,  and  either  plain 
or  corrugated. 

The  sheets  are  used  for  various  purposes,  among  which  is  that  of  lining  walls 
and  ceiUngs  of  various  classes  of  buildings.  They  are  usually  fixed  with  edges  butted 
together  and  nailed  to  timber  joists  or  studding,  the  joints  being  afterwards  filled 
in  or  covered  with  a  strip  of  asbestos  or  wood  according  to  the  finished  appearance 
required.  When  the  joints  are  filled  in  a  good  even  surface  is  obtained,  which  can 
be  distempered,  painted,  or  papered  without  any  delay  in  waiting  for  setting  and 
drying,  as  in  the  case  of  plaster. 

Before  decorating  with  ordinary  oil  paint,  it  is  adxisable  to  apply  a  coat  of  boiled 
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linseed  oil,  to  which  lo  per  cent,  of  liquid  seccotine  has  been  added,  othermse  the 
paint  is  Uable  to  be  "  patchy  "  and  unsatisfactory  in  appearance. 

The  interior  view  of  the  bungalow  sitting-room,  illustrated  in  Fig.  2,  shows  the 
application  of  the  material  as  a  wall  lining,  and  the  effect  is  quite  pleasing. 


1  ig.  1.     Children's  Hospital  at  Stratbblane. 


Fife'.  2.     liaim.il  v.v.  Interior  View  — Sitting-Rooni. 


Another  example  of  its  use  is  that  given  in  Fig.  i,  this  showing  the  interior  view 
of  the  children's  hospital  at  Strathblane.     It  is  eminently  suitable  for  such  work  on 
account  of  its  sanitary  and  fire-resisting  qualities.     An  exterior  view  of  this  hospital 
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is  also  given,  as  asbestos  was  adopted  for  the  roof  covering,  in  addition  to  the  interior 
hning  of  the  walls,  this  work  being  executed  to  the  designs  of  ]\Iessrs.  F.  D.  CoAvieson 
&  Co.,  architects,  Glasgow,  by  IMessrs.  Turner  Brothers  Asbestos  Co.,  Ltd.,  Rochdale. 
An  interesting  example  is  that  illustrated  in  Fig.  4  of  the  Church  Army,  Lord 
Kitchener  Hut,  where  the  walls  and  roof  are  constructed  mth  Turner's  asbestos  cement. 


Fig-  3.     Children'^  Hospital  at  Strathblane. 


and  the  successful  external  treatment  with  this  material  is  worthy  of  notice.  Numer- 
ous instances  [  occur  throughout  the  countr}^  of  similar  structures,  as  the  speed  with 
which  the  sheets  could  be  handled  and  erected  was  of  tremendous  advantage  in  all 
war  buildings,  and  the  amount  of  labour  required  was  reduced  to  a  minimum. 
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In  the  case  of  linings  to  ceilings  it  is  advisable  to  use  sheets  4  ft.  square,  as  these 
are  more  easily  handled  during  fixing,  and  by  means  of  strips  of  wood  or  abestos  over 
the  joints  a  very  satisfactory  panelled  effect  can  be  obtained.  Sheets  about  ^  in. 
thick  should  be  adopted,  and  they  are  attached  to  the  ceiling  joists  with  butt  joints, 
the  fixing  being  accomplished  with  ij  in.  Sherradised  or  copper  nails  at  about  6-in. 
centres,  and  not  less  than  J  in.  from  the  edge  of  the  sheets. 

When  used  for  partitions,  the  sheets  are  fixed  to  timber  studs,  which  should  be 
spaced  at  i  ft.  4  in.  or  2  ft.  centres.  Horizontal  struts  must  be  used  between  the 
vertical  studs  to  form  a  bearing  for  the  ends  of  the  sheets,  and  the  studding  should  be 
braced  in  the  usual  way  to  ensure  rigidity.  By  using  sheets  on  both  sides  of  the  timber, 
an  economical  and  durable  partition  will  be  obtained  with  an  appearance  far  superior 
to  ordinary  matchboarding,  while  the  delay  and  disturbance  caused  by  the  use  of 
plastering  in  offices  and  similar  situations  will  be  avoided. 

(To  be  concluded.) 


MEMORANDUM. 

Concrete  Bridges  in  Canada. — The  double  tracking  of  the  North  Toronto 
Sub-Division  of  the  Canadian  Pacific  Railway  between  Leshe  and  North  Toronto, 
which  is  nearing  completion,  involved  the  replacement  of  bridges  (known  as  0.9  and 
1.8)  which  hitherto  had  been  trestles  constructed  of  steel.  Owing  to  the  high  price  of 
steel  and  the  difficulty  of.  procuring  it  since  the  war  began,  it  was  found,  states  a 
Halifax  (N.S.)  contemporary,  that  reinforced  concrete  competed  successfully  against 
steel.  The  bridges  were,  therefore,  constructed  of  this  material  and  it  is  stated  that 
they  are  a  triumph  of  railway  construction  work,  No.  0.9  being  386  ft.  long  and 
90  ft.  liigh,  carrying  two  tracks,  and  No.  1.8  of  similar  dimensions,  but  a  three-track 
structure. 

The  spans  of  these  two  Canadian  Pacific  Railway  structures  are  each  from  35  ft. 
to  37  ft.  long.  Unit  construction  was  emploved.  Each  span  was  designed  as  two 
T-beams  which,  after  being  manufactured  near  the  work,  were  laid  side  by  side  on  the 
previously  built  reinforced  concrete  towers.  The  towers  themselves  are  really  reinforced 
concrete  buildings  constructed  in  the  usual  manner  by  means  of  wooden  forms  built 
around  a  steel  reinforcement  which  was  previously  assembled  and  securely  wired 
together. 

When  all  was  in  readiness  the  concrete  was  poured  by  means  of  long  spouts  which 
led  in  several  directions  from  the  main  mixing  tower.  The  pouring  of  the  concrete 
was  maintained  as  contmuously  as  possible  until  a  whole  tower  was  completed. 

.    These  two  structures  are  provided  with  narrow  sidewalks  and  handrails,  which 
enable  trainmen  to  move  conveniently  along  side-standing  trains. 

The  method  employed  in  the  erection  of  the  reinforced  concrete  spans  is  a  specially 
interesting  feature  of  the  structures.  Each  slab,  as  a  unit,  weighed  55  tons,  which  was 
the  limit  load  that  could  be  handled  by  the  Canadian  Pacific  Railway  loo-ton  standard 
wrecking  cranes.  The  crane  engaged  handled  no  fewer  than  no  slabs,  each  53  tons  in 
weight,  or  in  all  something  like  6,oop  tons,  and  all  this  was  done  without  a  single  mishap 
to  either  men  or  material. 

Another  remarkable  feature  is  that  both  structures  were  built  without  interruption 
from  June,  1917,  to  July,  1918,  which  was  a  shorter  period  than  would  have  been 
required  to  manufacture  and  erect  similar  structures  in  steel.  Passenger  and  freight 
traffic  on  the  Canadian  Pacific  Railway  main  lines  was  continued  without  interruption 
(luring  the  progress  of  these  interesting  works. 
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The  accompanying  illustrations  show  a  group  of  barns,  sheds,  and  silos 
constructed  of  concrete  throughout.  These  buildings  were  constructed 
to  provide  the  needs  of  an  institution  maintained  by  the  Sisters  of  St. 
Joseph  at  Framingham,  Mass.,  where  a  dairy  farm  is  operated.  A  fire 
necessitated  building  a  new  farm  plant  throughout  and  the  problem  pre- 
sented to  the  architect  was  to  design  a  thoroughly  practical  set  of  buildings, 
moderate  in  expense,  yet  fire-resisting  and  demanding  minimum  upkeep. 

The  main  group  consists  of  a  75-ton  hay  barn,  a  20-cow  barn  with 
3-ft.  box  stalls,  shed  for  young  stock,  bull  pen,  100-ton  silo,  horse  barn, 
feed  rooms,  wagon  shed,  machinery,  and  tool  rooms. 


Section  of  Main  Hay  Barn. 
Concrete  Barns  at  Framingham,  Mass. 
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The  dairv  building  is  opposite  the  cow  barn  and  contains  the  dairy 
n    wash  room,  boiler  and  coal  room.     Every  precaution  was  taken  to 


room, 

secure  sanitary  buildings,  easily  kept  clean. 
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The  walls  are  of  monohthic  construction  and  double  throughout,  con- 
sisting of  two  4-in.  walls  with  a  complete  air  space.  A  i  :  2  :  4  mix  was 
used  with  crushed  stone  as  the  coarse  aggregate. 
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Barns  and  Silo  under  construction. 


Plan  of  Creamery 


Section  of  Creameiy. 


Plan  of  Barns. 

CoNrRKTF.  Barns  at  Framingham.  Mass. 
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the  rough  with  waU  machines  and  were  stuccoed.  The  concrete  was  mixed 
and  hoisted  by  hand,  and  with  common  labour.  The  floors  are  ah  on  ftll, 
and  are  concrete  except  in  the  stock  shed,  bull  pen,  and  part  of  the  hay 
barn,  where  earth  floors  are  used.  The  horse  and  cow  stalls  are  surfaced 
with  wood  paving  blocks. 

The  dairy  and  stable  are  provided  with  arched  ceilings  of  cement 
mortar  on  metal  lath.  All  angles  are  coved.  The  roofs  are  slate  on  sub- 
stantial wood  framing. 

The  group  of  buildings  was  designed  by  Edward  Burnett,  of  New 
York,  and  were  built  by  J.  B.  Byrne,  Inc.,  Cambridge,  Mass. 

For  the  above  particulars  and  illustrations  we  are  indebted  to  our 
contemporary  Concrete,  U.S.A. 


A  Gem  RAi    \  iew  of  the  Completed  Buildings. 
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RECENT  VIEWS  ON 
CONCRETE  &  REIN- 
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Recent  Papers  and  Discussions. 


It  is  oar  intention  to  publish  the  Papers  and  Discussions  presented  before  Technical 
Societies  on  matters  relating  to  Concrete  and  Reinforced  Concrete  in  a  concise  form,  and 
in  such  a  manner  as  to  be  easih  available  for  reference  purposes. — ED. 


THE  ROYAL  INSTITUTE  OF  BRITISH  ARCHITECTS. 

A  CHEPSTOW  HOUSING  SCHEME. 

By  WILLIAM  DUNN,  F.R.I. B.A. 

A  PAPER  of  Special  interest  to  the  readers  of  this  journal  was  read  on  November  i8th 
before  the  members  of  the  above  Institute  on  the  "  Chepstow  Housing  Scheme,"  to 
which  brief  reference  has  already  been  made  in  this  journal  (see  our  issue  of 
March,  1918,  p.  118).     The  President,  Mr.  H.  T.  Hare,  was  in  the  Chair. 

"  A    CHEPSTOW    HOUSING    SCHEME. 

"  Chepstow  is  in  the  Wye  Valley,  a  hilly  district  famous  for  the  beauty  of  its 
scenery.  The  site  of  the  houses  is  about  28  acres  in  extent,  and  lies  just  outside  the 
Port  Wall.  It  formed  a  little  valley,  bounded  on  the  northern  side  by  the  Port  Wall 
on  the  crest  of  the  hill,  and  on  the  southern  by  the  wooded  heights  of  Hardwick  Hall. 
At  the  top  end  of  the  valley  there  are  the  houses  outside  the  town  wall  ;  at  the  outlet 
of  the  valley  lies  the  river,  but  severed  from  the  site  by  the  railway,  which  crosses 
the  valley  on  a  high  embankment,  and  by  the  Town  ]ileads,  now  the  shipbuilding 
yard.  Down  the  centre  of  this  valley  there  was  an  old  road  extending  halfway  down, 
and  beyond  that  a  footpath  leading  to  an  archway  under  the  railway.  The  level  at 
the  arch  under  the  railway  was  54"57  ft.,  above  Ordnance  datum,  and  at  the  top  end 
of  the  land  1429,  so  that  the  authors  had  a  fall  of  about  88  ft.  in  a  length  of  1,300  ft., 
measured  along  the  line  of  old  road  and  footpath  down  the  centre  of  the  land.  On 
the  Port  Wall  side  the  highest  point  was  160-44,  and  on  the  Hardwick  Hall  side  1648  ft. 
above  O.D.,  the  ground  falling  very  sharply  towards  the  centre.  The  central  road, 
called  Hardwick  Avenue,  36  ft.  wide,  having  been  tentatively  fixed,  the  side  streets 
were  arranged  at  such  distances  apart  as  would  gi\e  space  for  two  houses  and  their 
gardens — about  155  to  190  ft.  The  general  direction  of  the  side  streets  follows  the 
natural  contours  of  the  land.  The  widths  of  the  streets  are  24  ft.  and  36  ft.  with 
14-ft.  and  24-ft.  carriageways  respectively  between  the  curbs.  Three  open  spaces 
were  proposed  :  one  in  the  centre  of  the  site,  to  be  planted  with  trees  round  it,  and  to 
be  provided  with  benches,  as  a  village  green  ;  one  at  the  top  end,  where  the  site  is 
fairly  level,  intended  for  bowling  greens  or  tennis  courts  ;  and  one — the  largest — at  the 
lower  end,  for  general  recreation  ground.  Part  of  this  is  below  the  level  of  the  railway, 
and  is  being  filled  up  to  that  level.  The  scheme  proposes  about  ten  houses  to  the  acre. 
The  garden  ground  to  each  cottage  varies  in  extent.  For  the  supply  of  coals,  the 
removal  of  waste  and  to  give  access  to  the  back  doors,  by  which  the  working  man  enters 
after  the  day's  work,  back  lanes  have  been  formed.  In  the  central  road — Hardwick 
Avenue — the  old  9-in.  pipe  sewer  remains.  In  other  streets  6-in.  sewers  are  used, 
except  on  one  side  where  a  9-in.  pipe  sewer  was  laid  for  special  reasons. 
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"  THE    HOUSES    GENERALLY. 

"  In  a  scheme  such  as  this,  designed  for  various  classes  of  workmen,  labourers, 
skilled  tradesmen,  foremen  and  clerical  staff  in  a  shipyard,  there  must  be  some  variety 
m  the  extent  and  quality  of  the  accommodation.  The  smallest  house  has  a  living 
room  or  kitchen  of  about  i68  sq.  ft.  area,  three  bedrooms,  a  scullery  with  bath,  a  fuel 
store,  w.c.  and  larder.  The  largest  so  far  designed  has  kitchen,  parlour,  dining  room, 
four  bedrooms,  bath  with  hot  and  cold  water,  scullers^  and  offices.  It  would  be 
economical  in  many  ways — in  the  architect's  labour,  for  instance — to  use  a  few  types 
and  repeat  them  all  over,  but  results  would  probably  be  disappointing  from  the  same- 
ness of  the  designs.  The  British  working  man  is  by  no  means  indifferent  to  the  value 
of  a  house  of  some  individuality  and  a  pleasing  appearance,  though  he  often  says  that 
all  he  cares  for  is  good  accommodation.  He  is  not  enamoured  of  the  streets  of  houses 
in  which  the  only  means  of  identifying  his  dwelling-place  is  by  the  number  on  the  door. 
In  our  case,  the  discussion  of  pros  and  cons  for  type-plans  was  useless,  as  the  hilly  site 
made  it  impossible  to  do  much  in  the  way  of  standard  plans.  Each  block  of  cottages 
had  to  be  planned  to  suit  very  uneven  sites,  and  there  was  also  the  aspect  and  prospect 
to  consider.  All  around  are  splendid  prospects  of  the  neighbouring  hills,  and  as  each 
row  of  houses  rises,  terrace  fashion  one  above  the  other,  there  was  strong  reason  for 
considering  this  question  of  prospect.  As  to  aspect,  sun  is  so  important  to  us  in  our 
island  climate  that  we  made  great  efforts  to  get  sunny  rooms.  No  architect  would 
willingly  put  houses  of  the  same  plan  on  both  sides  of  a  street  running  east  and  west.  .  .  . 

"  All  the  accommodation  required  is  provided  within  the  walls  of  the  house  ; 
there  are  no  outhouses. 

"some  points  in  the  plans. 
"  The  front  doors  open  into  a  small  porch  ;  in  the  larger  houses  into  a  staircase 
hall.  From  this  the  doors  of  the  principal  rooms  open  out,  and  the  stairs  ascend. 
At  the  backs  of  the  houses  there  is  an  open  porch  in  which  we  place  the  doors  to  the 
scullery,  the  w.c,  and  the  fuel  store.  This  arrangement  saved  us  from  the  appearance 
of  three  doors  in  the  back  elevation  of  a  small  house,  and  from  a  great  difficulty  in 
making  a  satisfactory  back  elevation.  It  shields  the  w.c.  door  ;  it  forms  a  convenient 
place  for  boot-brushing  under  cover  ;  and  it  enables  the  scullery  door  to  be  left  open  on 
washing  day  or  any  day,  even  in  bad  weather.  In  a  few  cases  in  the  smaller  houses 
the  stair  opens  from  the  living  room  instead  of  out  of  the  front  porch.  .  .  .  Where 
conditions  were  favourable  windows  were  put  in  two  walls  of  rooms.  A  room  with 
windows  in  two  walls  is  always  more  cheerful,  and  is  better  lighted  with  smaller 
window  area  than  b}^  a  window  in  one  wall.  Every  house  has  a  bath  ;  in  one  or  two 
cases  the  bath  is  in  the  scullery,  but  in  nearty  all  the  houses  it  is  in  a  separate  room. 
The  hot  water  is  taken  from  the  copper  close  by  by  hand.  The  first  cost,  and  cost  of 
maintenance  of  the  plunrber's  work  in  a  hot-water  service  in  workmen's  houses,  was 
considered  too  great,  and  in  practice  this  method  of  suppl}'  seems  to  give  satisfaction. 
Sometimes  the  copper  is  in  the  scullery,  sometimes  in  the  batliroom  which  opens  ofi 
the  scullery.  Each  arrangement  has  its  own  advocates.  In  the  larger  houses  for 
foremen,  who  are  more  careful  and  more  responsible  tenants,  the  bathroom  is  upstairs, 
with  a  proper  hot-water  service  to  the  bath,  sink,  and  lavatory  basin.  The  coppers 
are  independent  without  brick-setting.  The  kitchen  ranges  were  some  of  the  Yorkshire 
range  type,  and  some  of  the  open-and-close  fire  type.  The  thresholds  are  in  all  cases 
set  2  in.  above  the  floor  line  to  allow  for  doormat.  The  ground  floor  ceilings  are  made 
8  ft.  in  the  clear  as  a  minimuni.  The  bedrooms  upstairs  are  also  8  ft.  at  least  in  the 
greater  part  of  the  room 

"   MATERIALS    AND    CONSTRUCTION 

"  The  external  walls  are  built  of  two  thicknesses  of  4-in.  thick  solid  plain  concrete 
blocks  with  a  3-in.  cavity,  with  the  usual  iron  ties.  The  blocks  were  made  in  Winget 
block-making  machines,  of  which  we  had  two  on  the  works.  In  the  first  cottages 
built,  the  blocks  were  each  32  in.  long,  9  in.  high,  and  4  in.  on  bed,  except  the  closers. 
At  the  corners,  L-shaped  blocks  were  used.  It  was  found  that  the  workmen  objected 
to  handling  such  heavy  blocks,  and  in  later  houses  the  length  was  cut  down  to  16  in. 
The  appearance  of  the  shorter  blocks  is  not  so  good,  and  the  walls  are  not  so  strong 
to  resist  settlements,  though  so  far  we  ha\-e  had  no  settlements  to  contend  with. 
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These  hollow  walls  were  built  direct  on  the  foundations,  without  footing  courses 
The  foundations  were  of  cement  concrete,  g  in.  thick  and  2  ft.  wide.  The  lintels 
had  steel  reinforcement  varying  in  amount  with  the  span.    .    .    . 

"  The  concrete  blocks  were  made  on  the  site,  of  local  stone  chippings  and  sand, 
and  we  were  confident,  from  experience  with  other  such  blocks  in  cottages  in  the  West 
Countrj',  that  the  appearance  would  be  better  than  that  of  a  wall  of  large  pressed 
bricks.  The  usual  cold  grey  textureless  surface  of  concrete  walling  arises  from  the 
floating  of  the  finer  materials  to  the  face  of  the  wall.  Here  we  used  a  dry  mixture  of 
concrete,  so  that  we  did  not  have  that  result.  Then  the  face-mould— a  cast-iron 
plate — had  groovings  in  it,  giving  what  is  called  in  masonry  a  droved  surface  to  the 
finished  block,  which  has  nothing  of  the  dull  appearance  already  mentioned.  There 
was  another  advantage  in  this  droved  face  ;  we  had  no  surface  crazing  which  occurs 
in  the  smooth  face  when  that  smooth  face  is  due  to  the  floating  of  the  richer  and  finer 
materials  to  the  surface.  The  many  joints  in  the  wall  give  it  a  power  of  expanding 
and  contracting  without  developing  visible  cracks.  In  our  climate  the  nights  are 
always  cool,  and  concrete  does  not  get  heated  all  through,  so  that  there  is  comparatively 
little  temperature  effect  ;  that  little  is  taken  up  by  invisible  cracks  in  the  joints. 

"  The  partition  walls  were  also  made  of  the  same  blocks,  without,  of  course,  the 
droved  face.  The  thickness  was  4  in.  for  bearing  partitions,  and  2i  in.  for  the  small 
partitions  dividing  sculleries,  larders,  fuel  stores,  etc.  No  plastering  was  done  on  the 
walls  of  these  sculleries  and  domestic  offices  on  the  ground  floor.  The  internal  effect 
is  like  dressed  stone.  The  saving  in  first  cost  of  plastering  is  considerable,  and  there 
are  no  recurring  bills  for  repairs  to  plastering  which  absorb  so  much  of  the  rent. 

"  The  roofs  are  covered  with  sand-faced  tiles  varied  in  colour.  It  was  found  that 
the  extra  cost  of  using  these  tiles  instead  of  the  cold  blue  Welsh  slate  was  but  little, 
and  when  you  consider  the  aesthetic  effect  of  the  red-tiled  roofs  and  grey  walls,  as 
compared  with  the  blue  slate  and  grey  walls,  there  can  be  no  question  that  the  small 
extra  cost  was  well  spent. 

"  The  valleys  are  all  swept  valleys  in  tiles  and  the  ridges  plane  roll  tiles  such  as 
you  see  in  all  the  old  cottages  in  the  districts  where  tile  roofs  are  used.  The  few  small 
valley-gutters  were  laid  in  Ledkore,  and  the  junctions  with  the  vertical  faces  of 
chimneys,  etc.,  were  made  in  cement.  The  workmen  who  did  the  tiling  M^ere  skilled 
men  who  took  a  pride  in  their  work,  and  it  is  pleasant  to  record  that,  so  far,  there  has 
not  been  a  single  case  of  leakage  through  either  roofs  or  walls.  The  floors  and  roofs 
were  designed  to  be  of  ordinary  timber  construction,  and  the  first  thirty-one  houses 
were  so  built.  In  later  cottages  we  could  not  get  permits  to  use  imported  timber  for 
floor  joists  or  floor  boards,  and,  after  a  good  deal  of  consideration,  decided  to  use  floors 
of  hollow  brick,  with  flat  steel  tension  bars,  for  the  first  floors.  These  floors  were 
formed  on  centering  in  the  usual  way.  The  ground  floors  throughout  are  of  cement 
concrete,  covered  in  the  domestic  offices  with  cement  and  all  the  living-rooms,  parlours 
and  bedrooms  with  Wilfley  flooring.  Where  the  upper  floors  are  of  hollow  brick,  they 
also  are  finished  with  Wilfley  floors.  The  chimney  stacks  ar^  in  red  sand -faced  brick. 
Picture  mouldings  are  pro\'ided  in  all  living-rooms  and  parlours. 

"  We  may  here  mention  that  the  doors,  windows,  stairs  and  chimneys,  etc.,  were 
standardised,  a  limited  number  of  types  being  used.  The  first  fifteen  houses  cost 
about  ^450  each,  exclusive  of  any  proportion  of  roads,  sewerage,  garden  formation 
or  fences.  The  second  fifteen  cost  about  ;i^330  each.  We  cannot  determine  the 
cost  per  house  of  the  remainder,  as  the  cost  of  wages,  etc.,  has  risen  a  good  deal,  and 
forms  a  ver)?-  important  element  in  the  total 

"  Before  closing,  it  may  be  well  to  explain  why  reinforced  concrete,  which  has  so 
large  a  place  in  the  public  mind,  was  not  used  here,  especiallv  as  the  architects  of  the 
scheme  have  had  so  much  to  do  with  reinforced  concrete  work  elsewhere.  The  reason 
is  that  knowledge  and  experience  of  reinforced  concrete  teaches  its  true  use  and  its 
limitations.  It  is  not  a  desirable  material  for  external  walls  ;  it  is  expensive,  almost 
certain  to  result  in  minute  but  disfiguring  cracks  when  used  for  walls,  and  has  not  a 
pleasing  surface  as  it  comes  from  the  moulds.  It  is  too  expensive  for  interior  parti- 
tions. For  floors  it  is  not  only  expensive,  but  it  communicates  sound  from  room  to 
room  readily.  It  requires  generally  beams  to  support  the  floors  and  thus  brings  loads 
at  points,  not  always  in  convenient  places  ;  it  affords  no  facilities  for  fixing  gas  pipes, 
etc.     There  have  been  suggestions  made  for  its  use  in  roofs.     The  flat  roof^-the  most 
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economical  form  for  this  material — is  not  suitable  for  cottage  roofs  in  this  country. 
It  is  cold,  and  its  appearance  is  against  it  where  tradition  has  so  much  to  do  with 
our  ideas  of  the  beautiful.  Of  course,  we  use  trusses  of  reinforced  concrete  in  factories 
where  there  are  many  repeats,  of  a  standard  pattern,  but  that  condition  does  not 
obtain  in  cottage  building  on  such  a  site  as  this.  We  have  not  yet  solved  the  problem 
of  making  cottage  rafters  in  it.  Many  capable  minds  are  at  work  on  the  matter,  and 
times  may  yet  bring  us  enlightenment  and  good  ideas. 

"  STYLE    OF    ARCHITECTURE. 

"  The  days  are  happily  gone  when  we  were  asked,  '  In  what  style  is  this  building  ?  ' 
Architecture  is  not  a  thing  of  mode  ;  it  is  false  to  itself  if  it  tricks  out  its  works  in  the 
garments  of  another  age.  The  Early  English  church,  the  Tudor  cottage,  the  Jacobean 
house,  as  built  in  Victorian  days,  were  essentially  false,  and  foredoomed  to  failure. 
The  controlling  factor  in  the  design  of  any  building  is  the  plan,  and  not  even  the 
wildest  enthusiast  would  dream  of  reverting  to  the  plan  of  the  medieval  house  or 
cottage.  If  we  have  higher  ideals  of  home  life  and  correspondingly  higher  and  more 
complex  requirements  in  planning,  these  must  have  the  most  important  effect  on  the 
exterior — on  the  style  of  the  design.  Our  task  is  to  give  the  needs  and  the  ideals  of 
our  time  embodiment  in  our  buildings — the  best  expression  in  the  language  of  our 
day.  Our  language  is  based  on  the  language  of  ^^'illiam  of  Wykeham,  of  John  Thorpe, 
and  of  our  forebears  ;  but  it  would  be  ridiculous  affection  to  use  their  speech  or  strut 
about  in  their  clothes.  So  these  cottages  are  simply  cottages  of  this  time.  We  are 
given  the  needs  of  a  home  for  a  labourer  or  artisan  or  a  foreman,  and  we  have  so  to 
contrive  our  design  that  he  may  be  satisfied,  and  that  the  decencies  and  the  graces  of 
life  are  open  to  him.  To  the  material  requirements  of  health  and  bodily  comfort  and 
convenience  we  have  to  add  such  pleasures  as  can  be  got  from  the  eye,  through  which 
we  appeal  to  the  mind  and  heart,  variety  in  plan  and  appearance  ;  proportion,  mass, 
and  grouping,  and  all  those  elements  of  design  which  are  as  undefinable  as  the  pleasing 
elements  in  poetry  or  music.   .   .   ." 

DISCUSSION. 

Mr.  Raymond  Unwin.  in  proposing  a  vote  of  thanks,  said  the  authors  had  given  them  a 
demonstration  of  the  absolute  necessity  of  having  an  architect  in  charge  of  every  housing  scheme. 
He  hoped  that  the  example  which  had  been  set  at  Chepstow  would  be  widely  followed  by  those  who 
would  have  to  take  a  part  in  the  great  rehousing  schemes  all  over  the  country  which  would  form  such  an 
important  part  in  reconstruction.  Mr.  Dunn  had  told  them  that  he  had  not  had  a  single  leakage  in 
walls  or  roofs.  That  was  certainly  a  triumph  in  concrete  construction,  which  a  good  many  people 
who  had  tried  it  were  not  able  to  claim.  It  would  be  interesting  if  Mr.  Dunn  could  tell  them  whether 
he  used  the  majorit}^  of  his  blocks  practically  green  from  the  machine,  a  few  days  old,  or  whether  they 
were  allowed  time  to  mature.  He  would  also  like  to  know  what  mortar  or  cement  he  used.  With  regard 
to  the  hot  water  question  he  thought  they  were  m  a  transition  period.  There  was  a  great  demand 
among  the  working  women  of.  the  country  for  labour-saving  appliances  in  house  work,  and  he  thought 
it  probable  that  developments  would  take  place  along  the  lines  of  better  systems  for  heating  water 
and  more  economical  systems  for  using  fuel  for  cooking  and  heating  purposes. 

Professor  Adshead  seconded  the  motion,  and  said  it  was  particularly  interesting  to  him  to 
note  the  method  of  construction  adopted  at  Chepstow.  He  thought  that  in  future  they  would  get  a 
concrete  cottage  that  would  not  absorb  quite  so  much  material  and  be  what  perhaps  Mr.  Dunn  himself 
might  describe  as  more  scientific  if  erected  in  large  numbers  where  the  right  material  and  workmanship 
Vvere  available. 

Mr.  A.  J.  Pitcher  said  that  if  architects  were  going  to  study  cottage  building  as  they  had  done 
he  thought  they  might  legitimately  ask  that  they  had  a  fair  share  of  the  cottages  that  were  going  to  be 
put  up  or  subsidised  by  the  Government.  At  the  present  time  the  proposition  seemed  to  be  that 
architects  would  not  be  called  in  to  build  those  cottages.  An  important  question  that  would  have  to  be 
faced  was  the  cost.  Mr.  Dunn  had  told  them  how  the  second  fifteen  cottages  had  cost  about  £80  more 
each  than  the  first  fifteen,  and  it  would  be  very  interesting  to  know  the  cost  of  the  remainder.  He 
was  afraid  that  they  would  not  get  the  ordinary  builder  for  some  years  to  come  to  set  about  erecting 
three-bedroom  cottages  at  the  cost  mentioned  by  Mr.  Dunn,  so  that  apparently  the  State  would  have 
to  come  in  with  a  subsidy.  He  thought  it  was  of  the  greatest  importance  that  architects  as  a  whole 
should  endeavour  to  get  control  of  these  Government  and  municipal  schemes  and  carry  them  out  on 
the  lines  that  Mr.  Dunn  had  initiated  at  Chepstow. 
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Mr.  Herbert  Baker,  in  supporting  the  vote,  asked  Mr.  Dunn  whether  he  had  practically  worked 
out  the  question  of  a  communal  hot  water  supply  for  the  cottages  he  had  erected. 

The  President,  in  putting  the  vote  to  the  meeting,  sai«-  a  considerable  amount  of  discussion  was 
going  on  at  the  present  moment  as  to  whether  concrete  wails  or  brick  walls  were  cheaper  or  better,  and 
one  was  always  anxious  to  get  information  on  that  point.     A  very  little  economy  was  worth  making, 
on  account  of  the  enormous  amount  of  repetition  which  they  got  in  those  houses,  and,  as  far  as  he  had 
been  able  to  get  information  on  the  subject  at  the  present  time,  there  was  nothing  cheaper  than  ordinarv 
b  rickwork  under  ordinary  conditions.  There  were  some  manufacturers  of  concrete  blocks  who  said  that 
they  were  very  much  cheaper,  but,  as  far  as  he  had  been  able  to  ascertain,  this  was  not  the  case,  given 
a  fairly  easy  supply  of  suitable  bricks.     With  regard  to  the  size  of  the  blocks,  where  they  were  using 
concrete  blocks,  the  larger  they  could  cast  them  within  the  limits  of  easy  handling,  the  more  economical 
the  use  of  the  blocks  would  be.     There  was  one  point  which  occurred  to  almost  anyone,  and  that  was 
that  if  they  had  large  blocks,  the  appearance  of  the  cottages  would  suffer,  providing  the  joints  showed. 
He  should  have  thought  it  would  have  been  necessary  to  have  coloured  the  blocks  with  something  hi 
the  nature  of  cement  or  lime-whiting,  in  order  to  conceal  the  joints.     He  had  had  a  good  deal  to  do  latelv 
with  the  question  of  the  provision  of  baths  in  cottages,  and  the  conclusion  that  apparently  had  been 
come  to  was  that  a  separate  bathroom  was  a  practical  necessity,  even  in  the  smallest  cottage.     The 
ordinary  arrangement  which  had  been  adopted  hitherto,  of  putting  the  bath  in  the  scullery,  seemed  to 
be  objected  to  on  the  ground  that  there  was  no  privacy.     It  was  miderstood  that  in  most  of  the  cottages 
which  were  going  to  b^  built  almost  at  once,  a  separate  bathroom  would  be  more  or  less  insisted  on. 
On  the  question  of  the  emplojnneut  of  architects  in  these  housing  schemes  which  would  shortlv  be 
put  in  hand,  the  Institute  had  taken  every  possible  action,  in  order  to  insist  upon  that  method   uf 
procedure.     In  all  the  negotiations  which  they  had  had  with  the  Local  Government  Board  in  connection 
with  the  competitions  recently  held,  they  had  put  fonvard  that  consideration  in  the  strongest  possibl- 
way,  and  they  were  now  issuing  a  circular  to  local  authorities,  in  the  same  sense,  stating  that  it  would  be 
to  their  interests  to  employ  an  independent  architect  in  every  case,  and  he  thought  that  course  was  beini; 
taken  more  largely  than  it  had  been  hitherto.     It  seemed  to  be  recognised  that  in  this  very  simple 
problem  of  housing,  the  greatest  skill  £ind  the  greatest  experience  was  really  necessary,  because  thev 
were  simple.     It  was  realised  that  because  they  were  simple  they  were,  in  the  same  proportion,  so  much 
more  difficult,  and  if  they  were  going  to  get  anything  better  than  the  rows  of  hovels  which  they  had 
been  used  to  seeing,  it  must  call  for  the  greatest  skill,  experience  and  judgment  of  the  architect.      For 
that  reason  they  hoped  and  expected  that  architects  would  be  employed  in  the  majority  of  cases  where 
these  schemes  were  going  to  be  put  forward.     He  might  say  that  the  Local  Government  Board  had 
given  them  the  assurance  that,  although  they  were  not  in  a  position  to  insist  upon  that  being  done, 
still  that  was  their  intention,  and  that  was  the  course  they  hoped  would  be  followed  by  local  authorities. 

The  Lecturer's  Reply. 
Mr.  Dunn,  in  a  brief  reply,  said  that  the  concrete  blocks  were  usually  used  not  less  than  a  week 
old,  but  generally  they  were  older.  They  were  set  with  cement  mortar,  and  the  joints  were  made  to 
show.  If  they  were  to  lime-white  the  blocks,  as  suggested  by  the  President,  they  would  lose  their 
charm  of  colour,  and  it  would  mean  additional  expense.  Mr.  Baker  asked  about  communal  hot  water 
supply.  He  (Mr.  Dunn)  had  not  as  yet  found  any  rnethod  of  doing  that  on  a  practical  scale, 
especially  on  such  a  site  as  the  one  they  had  to  deal  with  at  Chepstow.  The  loss  of  heat  on  passing 
from  the  central  station  would  be  great,  and  the  cost  would  also  be  very  great,  and  on  a  hilly  site 
especially  there  would  be  very  great  difficulties,  on  account  of  the  enormous  pressure  that 
would  be  needed. 
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Memoranda  and  Neivs  Items  are  presented  under  this  heading,  ■with  occasional  editorial 
comment.     Authentic  ne-ws  •will  be  •welcome. — ED. 


The  Concrete  Institute. — The  first  meeting  of  the  session  191 8-19  took  place  on 
November  28th,  when  the  newly  elected  President,  ]\Ir.  H.  D.  Searles-Wood,  F.R.I.B.A., 
delivered  his  inaugural  address. 

Up  to  the  time  of  going  to  press  we  have  not  succeeded  in  obtaining  a  full  report 
of  the  Address,  but  we  note  that  it  included  two  useful  reports  of  the  Sub-Committees 
of  the  Institute. 

One  of  these  reports  dealt  with  the  relation  that  should  exist  between  architects 
and  specialist  engineers  in  the  conduct  of  work.  The  other  report  comprised  particulars 
regarding  the  Examinations  of  the  Institute. 

The  President  mentioned  that  the  Institute's  report  on  the  possible  application 
of  concrete  as  a  substitute  for  timber  would  shortly  be  made  more  freelv  available, 
which  is  a  matter  of  congratulation. 

Generally  speaking  the  address  summarised  the  current  work  of  the  Institute. 

The  vote  of  thanks  was  proposed  by  Mr.  F.  E.  Wentworth-Sheilds  and  seconded 
bv  Mr.  E.  S.  Andrews. 

The  Royal  Institute  of  British  Architects. — At  the  opening  of  the  Winter  Session 
the  President,  Mr.  Henry  T.  Hare,  read  an  interesting  address,  and  in  the  course  ot 
his  paper  made  reference  to  the  competition,  instituted  at  the  instance  of  the  Local 
Government  Board,  for  designs  for  houses  for  the  working  classes.  We  extract  the 
foUoAving  paragraph  from  the  paper  which  appears  to  be  of  special  interest  in  con- 
nection with  the  Housing  question  : — 

"  Following  the  competition  we  have  suggested  to  the  Local  Government  Board 
the  desirability  of  actually  erecting  a  small  number  of  these  cottages  in  a  readih- 
accessible  position  near  London  and  furnishing  some  of  them  ready  for  occupation, 
so  that  thev  mav  be  inspected  and  criticised  by  all  those  who  are  interested  and  serve 
as  a  general  guide  to  those  who  are  about  to  promote  housing  schemes.  It  is  felt  that 
by  no  other  means  can  a  really  satisfactory  solution  be  arrived  at,  for  mere  drawings 
cannot  convey  the  same  impression  as  the  actual  object  in  being.  I  am  happv  to  sa\ 
that  this  suggestion  has  been  accepted,  and  we  are  now  considering  the  details  of  carry- 
ing out  the  project  with  the  least  possible  delay.  ' 

British  Reconstruction  Commission  for  Belgium. — It  is  announced  that  a  British 
official  mission  has  gone  to  Belgium  to  report  upon  the  need  for  reconstruction.  T\vv 
whole  matter  of  reconstruction,  it  is  understood,  is  being  dealt  with  by  the  Inter- 
Allied  Reconstruction  Commission  and  a  special  British  Department  known  as  the 
Belgian  Trade  and  Reconstruction  section  of  the  Department  of  Overseas  Trade 
The  mission  consists  of  Sir  Arthur  Steel  Maitland,  Head  of  the  Department  of  Overseas 
Trade  ;  Sir  E.  Wildbore  Smith,  chairman  of  the  International  Commission  ;  Sir  Herbert 
Llewellyn  Smith,  of  the  Board  of  Trade  ;  IMr.  Keynes,  of  the  Treasurv  ;  Mr.  M.  X. 
Keamew,  Secretary'  of  the  International  Commission,  and  officer-in-charge  of  the 
Belgian  Reconstruction  Commission  ;  Major  Pheunis,  Belgian  delegate  ;  and  Major 
Gunning,  American  delegate.  It  will  be  the  business  of  the  mission  to  make  a  tour 
of  inspection  of  the  devastated  areas,  and  report  on  what  is  wanted. 
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Experimental  Cottage  at  Dunfermline. — Some  time  ago  delegates  from  the  Fifeshire 
District  Executive  of  the  Scottish  Labour  Housing  Association  and  the  Dunfermline 
Trades  Council  inspected  a  new  form  of  concrete  cottage  erected  by  Mr.  Walter  Wilson, 
Inspector  of  Works,  Dunfermline,  to  his  own  plans  and  specifications.  By  the  courtesy 
of  Messrs.  Muirhead  &  Rutherford,  architects,  acting  on  'Sir.  Wilson's  behalf,  we  are 


able  to  present  a  plan  of  this  cottage  as  erected.     It  is  all  constructed  in  the  designer's 
patent  anchor  web  reinforced  concrete. 

Reinforced  Concrete  Cistern  Cap. — According  to  Popular  Mechanics  a  cistern  cap 
can  easily  be  made  of  reinforced  concrete.     A  cover  of  this  material  has  the  advantage 

E  655 


/T^'tK.T/^TVCn?  5^CONSTEOCTIONAl^( 


k.,. 
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Steel  Sheet  Piling, 

Pile  Driving  Equipment, 

Steam  Electric  or  Petrol  Driven  Friction 

Winches, 
Concrete  Mixers, 

Concrete  Placing  Tow^ers  and  Chutes, 
Sand  and  Ballast  Washers. 


WE  HAVE  IT  IN  STOCK 
ON  SALE  OR  HIRE 

The  highest  class  of  equipment  at  the  lowest  possible  price 
and   every    article    carries    the    B.S.P.    SERVICE    with  it. 


Please  mention  this  Journal  -when  "writing. 
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that  it  will  withstand  the  effects  of  the  elements  indefinitely  and  that  it  will  not  foul 
the  water. 

The  procedure  is  as  follows  :  Fit  planks  over  the  opening  of  the  cistern.  Then  lay 
a  sheet  of  heavy  paper  over  these  boards.  This  prevents  the  concrete  from  sticking  to 
the  wall  or  leaking  through  the  cracks.  Arrange  the  form  boards,  which  should  be 
4  or  5  in.  high  around  the  outside,  and  support  them  in  position  with  stakes.  Then 
bend  a  strip  of  sheet  iron  into  a  hollow  cylinder  of  sufficient  diameter  to  admit  the 
pump  cylinder.  Set  this  form  in  the  centre  to  provide  an  opening  for  the  pump. 
Place  heavy  iron  rods  for  reinforcing,  in  the  form,  and  fill  the  form  with  concrete. 

Before  the  concrete  has  set  push  into  it  vertically,  down  to  the  wooden  co\-er,  four 
cylindrical  sticks  of  wood.  These  should  be  located  to  correspond  with  the  bolt  holes 
in  the  pump  base.  After  the  concrete  has  set  remove  the  form  boards  and  bore  out 
the  cylindrical  wooden  rods. 

Separating  Concrete  Aggregate  into  Four  Sizes. — Concrete  aggregate  for  use  in  the 
Lower  Otay  dam,  now  being  rebuilt  for  the  San  Diego  water-supply  system,  is  being 
separated  into  four  sizes — 2^,  ij,  |,  and  J  in.  This  is  being  done  so  that  the  ideal 
proportioning,  determined  by  careful  tests,  may  be  secured.  The  sizing  is  obtained 
without  increase  in  cost,  trials  having  sho^^^l  that  A\ath  a  crusher  properly  set  and  the 
proper  length  of  each  mesh  in  the  screen,  the  run  of  crusher  gives  the  proper  amount 
of  each  size.  In  other  words,  there  is  no  wastage  of  material.  The  bins  are  on  the 
side  of  the  caiion,  and  the  four  chutes,  one  from  each  bin,  are  so  located  that  they  are 
manipulated  by  one  man.  Construction  work  is  being  carried  on  under  the  direction 
of  H.  N.  Savage,  consulting  engineer  for  the  city  of  San  Diego.— Engineering  News- 
Record. 

Boston. — River  Works — The  Roads  and  Bridges  Committee  of  the  Holland  C.C. 
has  approved  a  plan  and  specification  for  repairing,  in  reinforced  concrete,  the  river 
bank  on  the  south  end  main  road  at  Boston,  and  has  ordered  the  work  to  be  carried 
out  if  approved  by  the  Boston  Harbour  Trust  and  Witham  Outfall  Board. 

Midland  Junior  Gas  Association. — Concrete  Piles. — At  the  opening  meeting  of  the 
new  session  of  this  association,  the  newly  elected  President,  Mr.  T.  H.  Poulson,  devoted 
a  large  portion  of  his  address  to  the  subject  of  pile-dri\-ing  at  Stafford,  to  provide  stable 
foundations  for  the  buildings  at  the  Stafford  Gasworks,  which  are  contiguous  to  the 
River  Stour.  .  He  dealt  first  of  all  ^\^th  the  substrata  on  which  the  works  are  erected, 
and  then  described  the  three  types  of  piles  used  (as  follows)  to  pre^•ent  subsidence  : — 

1.  («)   Pitch  pine.     Length,  26  ft.  to  53  ft.  ;  cross  section,  10  in.  square. 
(b)    Pitch  pine.     Length,  35  ft.  to  85  ft.  ;  cross  section,  12  in.  square. 

2.  Moulded  reinforced  concrete,  "  B.R.C."   type.     Length,  26  ft.   to  37  ft.  ;   cross  section, 

12  in.  square. 

3.  Stewarts'  "  C.P."  concrete  tube  system.     Length,  42  ft.  to  55  ft.  ;  diameter,  16  in. 

They  were  used  as  follows  : — 

I.  (a)  In  the  old  portion  of  the  works  in  the  foundations  of  horizontal  retorts 
and  chimney,  condensers,  scrubbers,  purifiers,  and  railway  bridge,  (b)  In  the  newer 
portions  under  the  carburetted  water-gas  plant  and  buildings,  relief  holder,  oil-storage 
tanks,  sulphate  plant  and  buildings,  boiler-house  and  chimney,  and  the  tar  storage 
tanks. — 2.  In  the  foundations  of  the  i^  million  cu.  ft.  per  day  vertical  retort  installa- 
tion and  coke  plant. — 3.  Under  the  scrubber-washer,  benzol  plant,  and  the  oil  and  acid 
storage  tanks. 

After  describing  the  preparation  of  the  various  piles,  and  the  pile-driving  apparatus 
employed,  he  detailed  the  operations  for  framing  and  driving  the  piles,  the  method  of 
lengthening  them,  and  the  preparation  of  the  foundations  above  the  piles.  He  then, 
dealt  in  detail  with  Stewarts'  "  C.P."  concrete  piles,  in  which  system,  cylindrical  steel 
tubes  are  driven  into  the  ground  to  the  required  set,  filled  \\Tith  concrete,  and  with- 
drawn, leaving  a  column  of  concrete,  which  constitutes  the  pile,  in  the  ground.  Thus, 
there  is  no  pile-driving  as  such,  no  damage  to  piles  by  splitting  or  breaking,  no 
lengthening  required,  and  little  cutting. 

He  mentioned  that  no  subsidence  has  been  observed  in  buildings  erected  on  piles 
carrying  the  following  load  per  pile  : —  Tons. 

Pitch  pine,  12  in.  square  ...  ...  ■•■  •••  ■■■  ■•.         16 

Reinforced  concrete,  "  B.R.C."  type     ...  ...  -..  ••.  ...  37 

Stewarts'  "  C.P."  tube  svstem    ...  ...  •■■  ■■•  ...  ■•.  33 
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Dealing  with  the  advantages  of  concrete  over  timber  piles,  he  stated  these  as 

being  : — 

1.  The  material  used  in  their  manufacture  can  be  obtained  in  any  locahty. 

2.  Reliabihty,  due  to  even  consistency  of  material  throughout. 

3.  They  do  not  rot — age,  within  limits,  increases  their  strength. 

4.  They  carry  a  greater  load  ;  therefore  fewer  piles  are  required. 

5.  It  is  not  necessary  to  drive  them  below  land  water-level ;  consequently  much 
excavation,  concrete,  and  brickwork  footings  are  saved. 

6.  Foundations  immediately  above  the  concrete  piles  can  be  united  with  piles, 
and  not  merely  laid  on  the  top,  as  in  the  case  of  timber  foundations. 

Finishing  his  remarks  upon  piles,  he  commended  the  subject  of  concrete  piling  as 
being  worthy  of  the  consideration  of  engineers  who  are  erecting  large  buildings  on 
ground  which  necessitates  deep  excavation  to  obtain  a  foundation,  as  it  will  be  found 
in  many  cases  to  be  the  less  costly  method. 

TRADE    NOTE. 

We  hear  that  an  imposing  fifteenth-century  building — St.  Nicholas'  Chapel, 
King's  Lynn — has  been  seriously  affected  with  dry  rot  in  the  wood  flooring  of  the 
nave.  It  became  necessary  for  the  floor  to  be  entirely  taken  out  and  replaced  at  a 
total  cost  of  about  ;^500,  for  there  was  danger  that  the  remarkable  roof  carvings  might 
become  infected  with  the  floating  spores. 

The  authorities  have  taken  precaution  against  a  recurrence  of  the  trouble,  which 
was  caused  by  rising  dampness,  by  waterproofing  the  concrete  under  the.  new  paving 
blocks  with  the  powder  "  Pudlo  " — a  product  manufactured  in  this  old-world  town. 

The  British  Reinforced  Concrete  Eagineering  Co.  have  just  issued  a  most  useful 
Sheet  of  Tables  for  the  use  of  engineers  and  architects  when  specifying  the  B.R.C. 
Fabric  Reinforcements  for  floor  slabs.  The  tables  show  the  size  of  fabric  to  be  used 
for  different  types  of  floors  over  various  spans.  They  are  for  floors  continuous  over  a 
number  of  spans,  but  may  also  be  used  for  end  spans  and  freely  supported  spans. 
Copies  of  this  Sheet  of  Tables  can  be  obtained  from  the  above-named  Companv  at  their 
offices,  I,  Dickinson  Street,  Manchester. 


THE 

VICTORIA 

CONCRETE    MIXER 

shown  in  the  illustration  is  fitted  with 
our  latest  side  loader  and  is  driven  direct 
by  petrol  engine,  the  plant  being  mounted 
on  road  wheel  truck. 


It  represents  THE  MOST  MODERN  CONCRETE  MIXING  PLANT  obtainable 
COMPACT,  SELF-CONTAINED,  RELIABLE. 
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REINFORCED     CONCRETE     SHIPS,      BARGES,      AND 

PONTOONS. 

By    ALFRED    B.    SEARLE. 

The  present  supplement  is  the  first  of  a.  series  of  supplements  lue  propose  to  publish 
pi'ving  a  general  revieii)  on  the  subject  of  concrete  shipbuilding.  In  addition  we  hope  in  each 
number  to  include  illustrations  and  particulars  regarding  current  acti'vities  in  this  particular^ 
as  far  as  ■we  are  able  to  obtain  and  publish  such  information.  It  is  hoped  that  these  supple- 
ments ii<ill  prove  of  use  and  interest  to  all  those  tvho  are  engaged  in  one  branch  or  another 
of  this  particular  form  of  the  shipbuilding  industrv. — ED. 


CHAPTER  I. 


THE    NEED    FOR    A    NEW    MATERIAL. 

Amongst  many  materials  which  have  been  used  for  building  ships,  there  is  none 
which  appears  to  the  unimaginative  mind  to  be  so  unsuitable  as  that  particular  kind 
of  artificial  stone  known  as  concrete.  Everyone  is  accustomed  to  think  that  vessels 
which  are  intended  to  float  on  water  must  be  made  of  a  material  which  is  "  lighter  " 
than  the  water  itself,  whereas  stone  of  all  kinds  is  obviously  much  "  heavier."  For- 
tunately, the  use  of  steel  in  the  construction  of  various  kinds  of  vessels  has,  to  some 
extent,  prepared  the  minds  of  shipbuilders  and  others  to  accept  the  use  of  materials 
much  heavier  than  water,  and  has  reduced  what  would  at  one  time  have  been  a  loud 
outcry  of  expostulation  to  an  almost  inaudible  murmur.  Moreover,  many  ship- 
builders have  recognised  for  ten  years  or  more  the  valuable  properties  of  fine  concrete 
as  a  protective  agent  and  preservative,  and  have  used  it  extensively  for  covering 
plating,  rivet  heads,  floors  and  keelsons,  and  even  for  treating  the  interior  of  double 
bottoms,  in  the  bilges  and  watercourses,  and  generally  where  water  or  rubbish  is 
likely  to  accumulate.  They'  have  also  used  it  extensively  for  repairs — particularly 
for  stopping  leaks — and  some  captains  make  a  practice  of  carrying  cement  and  sand 
with  them  for  this  purpose. 

Thanks  to  the  propaganda  work  of  many  of  those  interested  in  the  use  of  concrete 
for  bridges  and  other  large  and  important  structures  on  land,  there  is  a  general  appre- 
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elation  on  the  part  of  the  public  of  the  immense  strength  and  durabiUty  of  concrete 
and  of  the  remarkable  manner  in  which  it  may  be  used  for  a  great  variety  of  purposes. 
Consequently  the  proposal  made  a  short  time  ago  that  seafaring  vessels  should  be 
made  of  concrete  was  readily  accepted  as  being  worthy  further  attention. 

The  shortage  of  steel  and  wood,  caused  by  the  War  and  hkely  to  continue  for 
some  years  to  come,  together  with  the  greatly  increased  transport  requirements 
of  the  various  AUied  armies  and  the  anticipated  post-war  trade  requirements,  neces- 
sitate the  production  of  an  enormous  number  of  vessels  of  various  sizes  in  the  most 
rapid  manner  possible,  and  the  utilisation  of  labour  not  hitherto  employed  in  ship- 
building. Owing  to  the  widespread  occurrence  of  the  sand,  stone  and  gravel  used 
in  the  production  of  concrete,  the  availability  of  Portland  cement  of  recognised 
standard  quaUty  and  the  possibility  of  using  forms  of  steel  which  are  quickly  produced 
with  a  minimum  of  labour,  combined  mth  the  relative  simplicity  of  construction, 
makes  the  building  of  concrete  ships  an  attractive  proposition  at  the  present  time. 

As  wiU  be  seen  in  succeeding  pages,  the  use  of  concrete  in  shipbuilding  is  neither 
so  new  nor  impracticable  as  some  people  suppose  ;  on  the  contrary,  it  has  manv 
advantages  over  other  shipbuilding  materials.  Prominent  naval  architects  in  France, 
America  and  Great  Britain  have  for  some  time  been  paying  attention  to  this  subject, 
and  a  number  of  firms  are  already  engaged  in  constructing  concrete  ships.  The 
relative  weight  of  concrete  is  not  so  important  a  factor  as  was  at  one  time  supposed, 
and  the  readiness  with  which  this  material  lends  itself  to  the  purpose  makes  it  as 
valuable  a  material  for  shipbuilding  as  it  has  long  been  proved  to  be  for  other  structural 
work* 

The  manner  in  which  the  need  for  new  ships  is  being  met  b}-  the  use  of  reinforced 
concrete,  together  with  a  short  summary  of  what  has  already  been  accomplished,  is 
given  in  the  following  pages,  and  is  followed  by  a  brief  outline  of  the  materials  used 
and  the  methods  of  construction  employed.  No  attempt  has  been  made  to  treat 
the  subject  exhaustively,  as  the  use  of  reinforced  concrete  is  still  largely  in  an  experi- 
mental stage,  and  developments  are  proceeding  rapidly.  INIoreover,  it  is  not  in  the 
national  interest  that  certain  details  should  pass  out  of  the  country  ;  apart  from 
this  and  from  any  o\-ersight,  the  information  given  is  as  full  as  possible  without 
encroaching  unduly  on  existing  textbooks  on  naval  architecture  and  reinforced 
concrete  respectively — two  subjects  which,  hitherto,  have  been  kept  separate- — are 
now  united  in  the  furtherance  of  human  welfare.  Naval  architects,  in  reading  the 
following  pages,  should  concentrate  their  attention  chiefly  on  the  applicabiUty  of 
reinforced  concrete  to  their  work,  and  should  ignore  the  (to  them  rudimentary) 
information  relating  to  shipbuilding  in  general.  Readers  famiUar  with  the  use  and 
construction  of  reinforced  concrete,  on  the  contrary,  will,  it  is  hoped,  find  manv 
useful  suggestions  whereby  they  can  co-operate  with  shipbuilders. 

The  construction  of  concrete  vessels  is  emphatically  an  industry  in  w'hich 
co-operation  is  essential — at  any  rate,  at  present — so  that  the  accumulated  knowledge 
and  experience  of  the  shipbuilder's  staff  may  be  combined  \vith  that  of  the  structural 
engineer  accustomed  to  concrete,  to  the  ultimate  advantage  of  all  concerned. 

CHAPTER  II. 

A    SHORT    HISTORY    OF    CONCRETE    SHIPBUILDING. 

The  history  of  the  construction  of  concrete  vessels  has  not  been  confined  to  any  one 
country  or  even  to  one  continent.  Commencing  in  France,  it  developed  almost 
simultaneously  in  Holland,  Central  America,  and  Italy,  and  gradually  spread  to 
the  United  States,  Great  Britain,  Germany,  Norway,  and  Sweden,  until,  at  the  present 
time,  it  is  extending  into  localities  usually  considered  to  be  remote  from  ci\ilisatioa. 
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This  broad  geographical  development  has  been  a  great  advantage  as  it  has  enabled 
many  ideas  and  experiments  to  be  tried  which  might  not  have  been  thought  of  if 
the  construction  of  these  vessels  had  been  chiefly  confined  to  any  one  country.  The 
meticulously  careful  methods  of  French  engineers  have  been  followed  by  the  boldness 
and  enterprise  of  American  shipbuilders,  and  the  proverbial  caution  of  the  British 
has  prevented  mistakes  and  accidents  which  might  easily  have  occurred  if  the 
industrv  had  been  localised  among  a  more  enthusiastic  people. 

The  manner  in  which  an  industry  has  developed  is  often  a  valuable  guide  to  those 
who  are  interested  in  its  future,  so  that  the  following  brief  summary  of  what  has 
already  been  accomplished  affords  a  convenient  basis  on  which  further  progress  may 
be  made. 

So  far  as  can  be  ascertained,  the  first  concrete  vessel  was  a  rowing  boat  {Fig.  i), 
built  and  patented  in  1S49  by  M.  Lambot,  of  Carces,  France.  This  boat  remained 
in  use  and  in  good  condition  for  about  sixty  years — a  clear  indication  of  the  durabiUty 
of  concrete  vessels  on  inland  watenvays.  M.  Lambot's  work  was  investigated  by 
the  French  Government  in  1850  and  favourably  reported  upon  ;  it  was  also  shown 
at  the  Paris  Exhibition  in  1855,  but,  as  often  happens  in  the  case  of  new  inventions. 


Fig.  1.    The  first  Concrete  Boat,  built  by  M.  Lambot  in  1849 


it  was  left  to  private  initiative  to  develop  it,  and  nothing  was  done.  M.  Lambot, 
hke  many  pioneers,  was  "  before  his  time,"  j'et  his  invention  is  extraordinarily 
interesting,  because  it  is  one  of  the  earliest  records  of  the  use  of  reinforcement  for 
concrete.  Thus,  from  the  construction  of  a  small  boat  has  arisen  an  entirely  new 
branch  of  architecture  and  constructional  engineering,  the  use  of  which  has  extended 
to  almost  everj^  part  of  the  globe.  In  the  Netherlands,  in  1887,  Gebr.  Picha-Stevens 
built  a  boat  of  reinforced  concrete  at  Sas  van  Ghent,  and  in  the  same  year  the  Zeemeetiv 
{Fig.  2) — a  sloop  with  a  capacity  of  ii  tons — was  built  by  the  Amsterdamsche  Fabriek 
van  Cement-Ijzer  Werken.  This  boat  is  still  in  regular  use,  notwithstanding  several 
collisions  with  large  vessels  and  that  she  has  been  frozen  in  the  ice  each  winter. 
Another  interesting  feature  of  the  Zeemeeuv  is  her  great  stability.  This  vessel  proved 
so  satisfactory'  that  several  barges,  64  ft.  by  14  ft.,  with  a  capacity  of  55  tons,  were 
soon  afterwards  built  by  this  firm,  and  are  in  regular  use  on  inland  waterways. 
In  1890  P.  P.  Brannon,  of   Sonsonate,  Salvador,  built  a  concrete  rowing  boat,  and 
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some  time  afterwards  a  second  and  much  larger  sailing  vessel  i8  ft.  in  lengtii,  which 
was  in  regular  use  for  some  time. 

The  earUest  Enghsh  patent  for  reinforced  concrete  vessels — that  of  D.  \\'ilson, 
16,530  (1887) — relates  to  the  use  of  a  frame  of  wire  netting  or  bars  or  rods  or  strips 
of  metal  interlaced  or  otherwise  suitably  secured  together,  and  coated  with  cement 
or  concrete,  either  by  pouring  the  cement  or  concrete  into  a  mould  of  suitable  size 
and  form  or  plastering  it  on  to  the  frame. 

In  1897  a  concrete  pontoon,  67  ft.  by  21  ft.,  carrying  a  "  chalet  "  {Fig.  3),  was 
built  for  the  Rome  Rowing  Club. 

In  1899  Carlo  Gabellini,  of  Rome,  commenced  to  build  concrete  barges,  and  by 
1905  he  was  able  to  construct  the  Liguria,  of  150  tons  capacity,  for  Civita  Vecchia 
Harbour,  near  Rome,  on  a  patented  system  devised  by  him.  This  vessel  was,  in 
October,  191 5,  towed  down  the  Tiber  to  the  sea,  also  to  Genoa  and  Savona  and  after- 
wards back  again  to  Civita  Vecchia.  She  has  been  in  regular  use  for  o\er  twelve 
years. 

In  the  followdng  year  Gabellini  constructed  a  150-ton  barge  for  the  Naval 
authorities  at  Spezzia,  which  was  tested  by  driving  her  against  a  mass  of  piles  and 


Fig.  2.     The  Zeetneetiv  in  1910,  when  23  years  old. 

afterwards  ramming  her  with  a  steel  tug.  The  result  was  so  satisfactory  that 
Gabellini's  boats  became  famous  and  the  rapid  development  of  concrete  shipbuilding 
may  be  said  to  have  followed  from  his  work. 

A  lighter  built  on  the  Hennebique  systeni  in  1906  is  shown  in  Fig.  .\. 

By  1909  sufficient  interest  in  the  subject  had  been  aroused  for  the  Germans  to 
investigate  it,  with  the  result  that  a  220-ton  concrete  lighter,  130  ft.  by  20  ft.  beam 
and  13  in.  draught  without  ballast,  was  built  by  the  AUgemeine  Verbundbaugesellschaft 
at  Frankfort-on-Main,  for  use  on  the  river. 

In  1909  a  lo-ton  boat,  the  Juliana  {Figs.  5  and  6),  was  designed  and  built  by  A.  A. 
Boon,  of  Amsterdam,  around  an  old  wooden  vessel  which  had  become  unseaworthy. 
A  netting  was  constructed  of  J  in.  bars  spaced  so  as  to  form  rectangular  meshes,  and 
then  filled  in  and  covered  with  impervious  concrete  to  a  thickness  of  4  in.  It  was 
found  impossible  to  remove  the  old  woodwork  which  had  formed  the  centering  without 
damaging  the  concrete,  so  the  wood  was  cut  away  where  this  could  be  done  con- 
veniently, but  a  considerable  part  of  it  was  left  as  an  integral  part  of  the  renovated 
vessel,  and  was  incorporated  into  the  fittings.  This  mode  of  renovating  old  boats 
proved  to  be  quite  satisfactory  for  vessels  of  small  dimensions,  but  it  cannot  be 
recommended  for  larger  .ones  as  the  use  of  both  wood  and  concrete  makes  the  boats 
too  heavy  in  proportion  to  their  dead-weight  capacity. 
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In  the  vear  igio  rapid  progress  was  made  simultaneously  in  Holland,  Canada, 
South  America  and  the  United  States.  For  instance,  another  Dutch  firm  (R.  Last 
and  Sons)  built  a  concrete  motor  boat  for  eight  people,  in  which  the  shell  is  only  J  in. 
thick.  This  has  proved  quite  durable,  though  she  has  onlv  been  used  on  inland  waters 
and  for  pleasure  purposes. 


Fig.  3      Floatii.g  Chalet  on  Reinforced  Concrete  Pontoons 


Fig.  4.     An  early  Hennebique  Lighter,  built  in 

:\Ir.  A.  A.  Boon,  of  Amsterdam,  built  the  Antoon  {Fig.  7) — an  open  Hghter  of 
50-tons  dead-weight  capacity — for  the  removal  of  ashes,  etc.  One  of  several  15-ton 
boats  used  for  the  same  purpose  and  a  60-ton  lighter,  built  somewhat  later  by  the 
same  firm,  are  shown  in  Figs.  8,  9,  and  10. 
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In  April,  1910,  Edmond  Coignet  completed  the  first  of  several  barges  for  the  transport 
of  dredged  materials  at  Bahia,  in  Brazil.  Though  the  owners  would  have  been 
satisfied  if  these  barges  could  have  been  towed  across  the  bay  of  Bahia  in  fair  weather, 
they  were  able  to  stand  much  rougher  usage,  and  were  among  the  first  sea-gomg 
barges  whose  abilities  were  proved  by  regular  use. 

In  the  same  year  a  525-ton  concrete  scow  was  built  at  San  Francisco  for  the 
harbour  traffic. 


Fig.  5i    The. Juliana   in  1910,  after  5  years' use. 


Fig.  6.    The  JuZi<r»rrt  during  construction. 

A  concrete  barge  {Figs,  ii  and  12),  which  has  been  subjected  to  exceptionally 
rough  treatment,  was  launched  in  November,  1910,  and  has  ever  since  been  in  regular 
use  for  carrying  stone  on  the  Welland  canal.  This  barge  measures  80  ft.  by  24  ft., 
with  a  draught  of  7  ft  Carloads  of  stone  are  frequently  tipped  directlv  into  it 
from  a  height  of  12  ft.  above  deck  level,  yet  without  any  serious  consequences. 
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The  concrete  hull  of  the  Saud  Witch,  a  river  dredger,  was  built  on  the  Thames 
in  1910. 

In  igii  the  most  important  event  in  the  history  of  concrete  vessels  was  the 
construction  of  a  number  of  barges  on  the  Panama  Canal.  These  were  so  successful 
that  a  number  of  pontoons  were  built  for  use  on  the  same  canal.  This  shows  the 
great  advantage  of  concrete  as  a  shipbuilding  material  under  conditions  where  the 
skilled  labour  and  materials  needed  for  the  construction  of  ships  of  wood  or  steel 
are  not  available. 

In  191 1,  also,  an  80-ton  concrete  scow,  designed  by  Oscar  F.  Lackey,  then  Harbour 
Engineer  for  the  port  of  Baltimore,  was  built  for  conveying  sand,  gravel,  and  stone  on 
Chesapeake  Bay.  This  proved  so  successful  that  several  similar  vessels  of  the  same 
tvpe  were  built  for  this  traffic. 

In  the  same  year  the  pioneer  firm  of  concrete  barge  builders  in  Holland,  which 
has  been  engaged  in  constructing  boats  of  this  material  since  1887  (seep.  3),  launched 
a  barge  [Figs.  13  and  14),  62  ft.  long,  14  ft.  wide  at  top,  and  11  ft.  at  bottom,  with 
walls  about  2  in.  thick.  She  is  divided  by  cross  walls  into  three  parts,  the  middle 
space  (37  ft.  in  length)  being  used  for  the  50  tons  of  cargo  which  the  vessel  carries. 
This  boat  weighs  36  tons.  Since  she  was  completed  a  number  of  other  50  to  60  ton 
barges  have  been  built  b}^  the  same  firm  under  the  superintendence  of  A.  A.  Boon, 
and  are  in  regvilar  use  on  the  Dutch  canals. 

In  191 1  the  Moioi'  Boat  mentioned  that  a  concrete  motor  boat,  14  ft.  8  in.  long 
by  5  ft.  6  in.  beam  and  2  ft.  3  in.  draught  had  just  been  launched  in  Germany.  She 
was  stated  to  travel  at  a  speed  of  3I  miles  per  hour  when  driven  by  a  3-h.p.  motor. 
A  concrete  barge  built  in  Italy  in  1912,  and  shown  in  Fig.  15,  has  all  its  lines  in 
the  form  of  double  curves,  which  involves  a  special  arrangement  of  the  reinforcement 
(described  later).  This  boat  was  reported  by  II  Cement 0  in  191 7  as  "  still  in  satis- 
factory service." 

Another  barge  {Fig.  16)  built  in  the  same  year  at  Mobile,  Ala.,  U.S.A.,  by  Luigi 
\'olj)i,  on  the  Gabellini  system,  was  in  satisfactory  use  until  she  was  washed  ashore 
300  ft.  inland  in  191 6.  She  then  sustained  a  small  injury,  which  (owing  to  the  ownership 
being  partly  American  and  partly  ItaUan)  has  not  been  repaired. 

In  191 2  the  Arundel  Sand  and  Gravel  Co.,  of  Baltimore,  built  a  500-ton  scow 
{Fig.  17),  after  designs  by  Oscar  F.  Lackey,  followed  shortly  afterwards  by  two  others. 
The  owners  reported  in  July,  191 7,  that  the  first  vessel  had  been  in  use  daily  for  more 
than  four  years  for  the  transport  of  stone  and  gravel.  The  second  vessel  broke  away 
in  a  storm  and  was  washed  ashore  on  a  rocky  promontory.  A  hole  in  the  hull — the 
result  of  this  storm — was  repaired,  and  the  vessel  has  been  in  regular  use  ever  since. 
The  third  vessel  is  in  regular  use  by  another  firm.  In  the  period  since  they  were 
built,  these  lighters  have  given  no  trouble  with  the  exception  of  the  one  -wreckage, 
and  there  has  been  no  necessity  to  pump  out  the  water  as  is  always  the  case  with 
wooden  barges.  Although  these  concrete  barges  are  heavier  than  those  built  of  wood 
the  owners  consider  that  they  can  be  towed  just  as  easily. 

In  the  same  year,  a  concrete  sailing  boat  was  built  at  Dresden  by  Johannes 
Lescher,  and  in  spite  of  frequent  groundings  gave  excellent  service.  (No  information 
respecting  it  has  been  available  since  191 4.) 

In  191 2,  also,  the  Yorkshire  Hennebique  Contracting  Co.,  of  Leeds,  built  a  concrete 
pontoon,  100  ft.  by  28  ft.,  on  the  Manchester  Canal  for  carr\nng  sludge  pumps, 
boilers,  and  fuel.  Its  cost  was  low,  maintenance  expenses  are  less  than  on  similar 
pontoons  built  of  other  materials  and  repairs  can  be  made  without  dry  docking. 
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Fig.  7.     The  Anfoon  (built  in  1910)  after  six  years'  use. 


Fig.  8.     6C-ton  Lijihter  ready  for  launching. 
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In  1913,  another  300-ton  concrete  scow  was  built  after  designs  by  Oscar  F.  Lackey, 
bv  the  Furst  Concrete  Scow  Construction  Co.,  at  Fairfield,  ^Id.,  U.S.A. 

In  the  same  vear,  a  self-propelled  reinforced  concrete  crane  pontoon,  100  ft.  by 
43  ft.,  fitted  with  motor  and  screw,  was  constructed  at  Marseilles.  The  crane  is 
33  ft.  high,  wdth  an  o\-erhanging  or  unsupported  length  of  33  ft.,  and  a  load-carrpng 
capacity  of  30' tons.  The  pontoon  has  double  sides  to  protect  it  against  flooding 
should  the  outer  wall  be  damaged. 


Fig.  9.     Lighter  for  ashes  and  mud. 


Fi::;.    10.     A  Li,-;iUcr  fur  aslio  aad  mud. 


In  1914  two  more  concrete  pontoons  for  use  as  landing  stages  were  built  on  the 
Panama  Canal. 

In  the  same  year  a  loo-ft.  concrete  pontoon  {Fig.  18)  was  built  in  Sydney 
Harbour,  N.S.W.,  and  has  successfully  weathered  tlie  severe  storms  it  was  built  to 
resist. 

At  the  same  time,  a  concrete  motor  boat  {Fig.  20),  18  ft.  6  in.  by  4  ft.  6  in.  by 
3  ft.  2  in.,  was  built  at  Dowsey,  Iron  River,  Michigan.     This  boat,  which  is  driven 
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by  a  6-h.p.  engine,  was  in  regular  use  until  191 7,  when  she  was  taken  to  Chicago 
and  presented — still  in  perfect  condition — to  the  Chicago  Naval  Reserve  for  use  as  a 
practice  boat. 


Fig.  11.     The  Concrete  Barge  Pioneer  in  use  on  the  Welland  Ship  Canal. 


Kig  12.     Another  View  of  the  Barge  Pioiui  r  on  Welland  Ship  Canal 


In  i9i5"the~Chesapeake'Concrete  Barge  Co.  built  a  500-ton  concrete  scow  of  the 
Oscar  F.  Lackey  pattern. 
10 
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In  1916,  four  more  concrete  pontoons  for  use  as  landing  stages  were  built  on 
the  Panama  Canal.  The  motor  cruiser  Wanderer  [Fig.  19)  was  also  built  in  1916 
by  t\vo  members  of  the  Sabin  Hill  Yacht  Club,  Dorchester,  :\Iass.  This  craft  is 
41  ft.  over  all,  with  a  beam  of  8  ft.,  increased  at  the  water  Une  to  11  ft.,  by  means  of 


I'U.   \j.     Concrete  Boat  at  .■Vmsterdam  after  launchinj: 


Fig.  14.     Concrete  Boat  at  Amsterdam  durinf}  construction. 

a  sponson  on  each  side  of  the  vessel ;    the  sponsons  also  give  great  stability" and 
buoyancy.     The  25-h.p.  engine  drives  the  vessel  at  a  speed  of  7^  knots. 

In  191 7  concrete  vessels  were  being  built  in  all  the  chief  maritime  countries, 
and  from  this  date  the  industry  has  developed  so  rapidly  that  it  is  convenient  to  adopt 
a  geographical  rather  than  a  historical  arrangement. 
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Fig.  15.     An  Italian  Reinforced  Concrete  Barge. 


I  1^.  16      C -ncrete  Barge  of  the  Gabellini  Type,  built  at  Mobile,  Ala. 
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hig.  1/.     Concrete  Bar^e  tor  Sand  and  Gravel  at  baltiiiiort 


Fig.   18.     Concrete  Pontoons.  Sydney,  .New  South  Wales. 
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In  Norway  and  Sweden  great  progress  has  recently  been  made  in  the  construction 
of  concrete  ships,  particularly  by  two  firms.  N.  K.  Fougner,  of  Moss,  has,  since  191 2, 
built  several  concrete  vessels  of  200  to  3,000  tons  capacity,  the  first  of  these  to  make  a 


By  Courtesy  of  the  "Motor  Boat."] 

Fig.  19.    The  +l-ft.  Concrete  Cruiser  Wanderer. 


Fig.  20.     View  of  the  Concrtte  Boat  taken  over  by  the  U.S.^'avai  Reserve. 


sea  voyage  bemg  the  one  shown  in  Ftg.  21,  which  went  from  Moss  to  Christianiafjord 
in  1916.  One  of  the  Fougner  Steel  Concrete  Shipbuilding  Co.'s  400-ton  single-screw 
boats-the  Namsenfjord  {Fig.   22),  driven  by  a  Diesel  engine  of  80  h.p.-was  duly 
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recistered  at  Lloyd's  in  191 7.  She  has  an  average  speed  when  fully  loaded  of  ji  miles 
per  hour,  and  has  several  times  made  the  journey  between  Norway  and  the  British 
Isles,  her  first  journey  to  this  country  being  made  in  December,  1917-  A  recent 
report  from  this  firm  states  that  they  have  on  the  blocks  and  well  advanced  one 
vessel  of  4,000  tons,  and  three  others  of  1,600  tons  each  and  one  of  1,000  tons  are 


Fig.  21.     1-    ugner  Luhter  of  100  tons  l>:.'. 


ity  used  by  the  Norwegian  Army. 


A 
-^1 


jj^'i^^ir-'iibi^iipi*^^!-^ 


Fig.  22.     The  Satnsetifjord. 


begun.     The  firm  is  also  building  a  lightship  for  the  Norwegian  Go\'ernment,  a  large 
tug  boat,  and  a  number  of  floating  docks,  all  of  reinforced  concrete. 

Another  Norwegian  firm  of  concrete  shipbuilders  is  the  Porsgrund  Cementstoperi 
A/S,  of  Porsgrund,  who  attracted  a  considerable  amount  of  attention  by  the  ingenious 
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manner  in  which  they  launched  their  vessels  in  an  inverted  position  and  allowed  them 
to  right  themselves  in  the  water.     The  first  vessel  built  by  this  firm  was  the  Breton  I 

a  200-ton  motor  boat — which  was  launched  in  this  manner  in  August,  191 7  ;    the 

mode  of  launching  is  described  in  detail  later  on. 

A.  A.  Boon,  of  Amsterdam  (p.  5),  has  also  built  a  200-ton  concrete  vessel,  85  ft. 
by  21  ft.  by  8  ft.,  at  Malmo  {Figs.  23  and  24). 


~"^C^;rd™ii:^^ 


Fig.  23.     A  Barge  in  course  of  construction  at  Malmci 


Fig.  24.     The 


hen  launched. 


{Jo   he   continued.) 
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By    ALFRED    B.    SEARLE. 

The  present  supplement  is  the  second  of  a  series  of  supslements  ive  propose  to  publish 
ai'oing  a  general  revietv  on  the  subject  of  concrete  shipbuilding.  In  addition  'we  hope  in  each 
number  to  include iliustrations  and  particulars  regarding  current  activities  in  this  particular, 
as  far  as  tve  are  able  to  obtain  and  publish  such  information.  It  is  hoped  that  these  supple- 
ments toill  prove  of  use  and  interest  to  all  those  ivho  are  engaged  in  one  branch  or  another 
of  this  particular  form  of  the  shipbuilding  industry. — ED. 
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CHAPTER    II    [concluded). 

A   SHORT    HISTORY    OF    CONCRETE    SHIPBUILDING. 

In  France — the  original  home  of  concrete  vessels — -little  shipbuilding  was  done 
in  this  material  for  many  years,  but  the  industry  has  now  taken  a  new  lease  of  life 
and  concrete  vessels  are  being  constructed  in  considerable  numbers.  Among  the 
more  important  is  a  concrete  barge  150  ft.  by  26  ft.,  with  a  dead-weight  capacity  of 
700  tons,  remarkable  for  containing  only  12  tons  of  steel,  as  compared  with  85  tons  in 
a  boat  of  the  same  capacity  built  of  steel  in  the  ordinary  manner. 

The  same  builder,  M.  Lorton,  has  since  constructed  vessels  Avith  a  displacement 
exceeding  5,000  tons. 

The  Association  Commerciale  de  Constructions  Maritimes  has  recently  finished  a 
i,ooo-ton  motor  boat  on  the  Hennebique  system.  The  building  of  concrete  ships  on 
the  Paris  canal  and  on  the  Seine  has  proceeded  rapidly  during  the  last  two  years. 
Illustrations  of  some  of  these  vessels  are  shown  in  Figs.  25,  26,  27,  28,  and  29. 

The  construction  of  a  considerable -number  of  towing  boats  is  now  proceeding  on 
the  Seine,  and  the  Societe  Pelnard-Considere,  Caquot  et  Cie.,  has  already  built  fifty 
of  these  vessels,  each  of  300  h.p.,  to  the  order  of  the  Minister  of  Public  Works.  These 
boats  are  built  in  accordance  with  the  regulations  of  the  Bureau  Veritas  (the  French 
equivalent  of  Lloyd's  registry)  so  as  to  be  amply  strong  enough  for  river  transport 
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with  occasional  short  sea  voyages.  They  are  83  (t.  long  with  17  ft.  beam  and  7  ft 
deep,  with  a  total  weight  (for  the  hull  alone)  of  68  to  y^  tons,  and  a  displacement  oi  1 25 
tons ;  the}'-  are  designed  to  present  a  low  resistance  to  progress  through  the  water. 


I-'u.  ^5.     I'.ai^e  at  the  (Jjai  d'I\ry.  Paris,  ready  for  launch  in.:: 


Fig.  26.     Steam  Tug  at  the  Quai  d'lviv,  Paris. 


A  large  number  of  concrete  barges  and  towing  boats  are  now  in  regular  use  on 
the  inland  waterways  of  France. 

La  Societe  Entreprise  Generale  d'Etudes  commenced  the  construction  of  a 
450-ton  concrete  cargo  boat  on  the  C.  A.  Roux  system  early  in  1018.  This  vessel, 
18 
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which  is  intended  for  Cardiff-Paris  traffic,  has  a  length  of  152  ft.,  total  breadth  of  26  ft,, 
depth  of  hold  1 2  ft.  6  in. ,  and  draught  of  10  ft.  She  will  be  driven  by  two  petrol  engines, 
each  of  164  h.p.,  at  an  estimated  speed  of  nine  knots.  Ten  similar  boats  were  due  for 
completion  before  the  end  of  1918.  The  same  firm  has  also  commenced  a  series  of 
similar  boats  for  the  Gironde  and  Mediterranean  ;  one  of  1,000  tons  capacity  was  begun 
in  March,  1918,  in  the  Gulf  of  St.  Tropez.  The  firm  propose  to  increase  the  capacity 
of  each  new  boat  by  500  tons,  so  as  to  gain  experience  without  undue  risk. 

The  Association  Commerciale  de  Constructions  Maritimes  commenced  a  1,000- 
ton  motor  boat  early  in  1918,  to  be  reinforced  on  the  Hennebique  system. 

In  the  United  States,  the  following  concrete  ships  are  in  actual  use.  By  the 
time  these  lines  appear  in  print  a  considerable  number  of  other  concrete  vessels  \vill 


Photograph  by  .V<  i.sp.i  r^'''  •' <  ■  u-.trations.  Ltd.] 

Fig.  2y.     The  Cage  in  which  the  Concrete  Ship  was  built  on  the  Paris  Canal 


have  been  launched  as  the  construction  of  such  ships  is  proceeding  very  rapidly  in 
the  States.  : — 

A  reinforced  concrete  scow  was  built  at  Michigan  City,  Ind.,  in  1913,  for  use  on  the 
lake,  which  has  a  carrying  capacity  of  25  tons  and  is  40  ft.  by  14  ft.  by  3  ft.  6  in.,  with 
a  3  in.  shell. 

The  Lord  Construction  Co.,  of  New  York,  has  just  completed  two  reinforced 
concrete  barges  of  300-tons  capacity  of  two  types  :  one  specially  for  deck  loading  and 
the  other  for  dealing  with  coal  and  grain.  Both  these  types  are  specially  designed 
for  use  in  the  Great  Lakes  and  on  the  Erie  Canal. 

The  Louis  L.  Brown  Co.,  of  New  York,  has  built  a  700-ton  barge,  112  ft.  by  33  ft. 
by  10  ft. 

Early  in  191 7  a  large  yard  was  established  at  Redwood  City  on  the  Oakland 
Estuary,  San  Francisco  Bay,  for  constructing  concrete  barges  for  the  traffic  between 
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San  Francisco  and  Sacramento.  These  barges  are  to  be  of  526  tons  dead-weight 
capacity.  The  San  Francisco  Shipping  Co.  has,  however,  gone  far  beyond  its  original 
moderate  intentions,  and  has  constructed  by  far  the  largest  reinforced  concrete  vessel 
which  has  yet  been  built.  This  vessel — the  Faith  {Figs.  30  to  34) — was  launched 
on  March  14th,  and  made  her  trial  trip  on  May  5th,  1918.  Since  then  this  vessel  has 
made  a  return  voyage  to  Vancouver  in  rough  weather  in  a  completely  satisfactory 
manner.  This  vessel  has  a  capacity  of  5,000  tons,  and  is  320  ft.  by  44  ft.  and  30  ft. 
deep  to  the  upper  deck,  with  a  draught  of  24  ft.  She  is  fitted  with  triple-expansion 
engines  of  1,750  h.p.  The  trial  cruise  lasted  for  four  hours,  and  covered  a  distance 
of  nearlv  forty  miles.  Many  elaborate  tests  were  conducted  with  satisfactory  results. 
The  instruments  used  for  the  purpose  showed  that  the  vibration  was  negligible,  the 
vessel  in  turning  made  2^"  on  the  heel,  which  is  cjuite  satisfactory,  and  the  measured 
miles  was  traversed  at  a  speed  of  lo^  knots. 

The  following  report  by  one  of  the  sur\e3-ors  to  Lloyd's  Register  is  important  on 
account  of  the  admitted  impartiaUty  of  the  writer  : 

Concrete  steamer  Frt/^/z — Dims.,  320  ft.  by  445  ft.  by  30  ft.  mid.  This  vessel  left  San  Francisco 
;May  22nd,  1918,  with  a  cargo  of  salt  and  copper  ore,  bound  for  Seattle,  Tacoma  and  Vancouver. 
Draft  forward,  21  ft.  10  in.  ;  aft,  23  ft.  After  rounding  Point  Reyes  in  the  afternoon  encountered 
strong  head  winds  with  considerable  sea,  to  which  the  ship  responded  very  well,  although  a 
good  deal  of  water  was  shipped  on  deck.  On  Thursday  afternoon,  the  wind  having  increased 
in  violence  and  the  ship  shipping  seas  all  fore  and  aft  and  making  about  two  knots  per  hour, 
the  captain  wore  ship,  running  back  to  shelter  cove  until  the  storm  abated. 

Left  shelter  cove  at  4  a.m.  on  Friday,  and  shortly  afterwards  ran  into  a  gale  ;  the  ship 
was  pitcliing  heavily,  but  pounded  rather  hard,  due  probably  to  shape  of  forward  under  body. 
This  continued  all  day  and  during  the  night,  when  the  gale  was  at  its  height,  and  which  the 
captain  estimated  to  have  a  velocity  of  60  miles  per  hour.  During  the  day  the  vesrel  was 
taking  seas  over  forecastle  and  all  fore  and  aft,  but  responded  well  to  these  head  seas,  much  in 
the  manner  of  a  steel  vessel. 

On  Saturday  the  wind  had  fallen  considerably  and  on  the  afternoon  of  that  day  the  gale 
had  subsided,  which  gave  the  opportunity  of  removing  a  hatch  cover  from  Nos.  i,  2  and  3  holds 
and  examining  the  vessel  as  far  as  the  cargo  permitted.  It  was  then  observed  that  the  deck 
slab  was  cracked  in  several  places  in  way  of  Nos.  i,  2  and  3  hatchways  under  the  winch  seatings, 
those  cracks  being  more  extensive  in  waj'  of  No.  2  hatchway.  The  cracks  extended  right 
through  the  slab,  and  evidence  of  slight  leakage  could  be  seen  on  underside,  and  were  confined 
in  extent  to  the  area  between  the  hatchways  and  under  the  winches.  Small  hair-line  cracks 
were  also  observed  in  the  inside  surface  of  the  radius  corners  of  all  the  hatchways,  more 
particularly  in  No.  2.  A  certain  amount  of  leakage  also  occurred  through  the  fastening  of 
the  wooden  deck  houses  and  other  deck  fittings  through  the  slab,  and  also  from  the  fender  bolts 
along  the  ship's  side. 

From  Saturday  afternoon  until  the  arrival  of  vessel  at  Seattle  on  Tuesday,  May  28th,  good 
weather  prevailed.  Draft  on  arrival  :  Fore,  21  ft.  3  in.  ;  aft,  22  ft.  8  in.  During  the  voyage 
the  bilges  were  sounded  every  hour,  day  and  night,  and  except  for  port  side  No.  i  hold,  which 
had  about  5  in.  on  arrival,  all  other  bilges  were  dry  ;  this  leakage  only  amounted  to  about  a 
barrel  full,  and  in  my  opinion  was  due  entirely  to  seepage  from  cargo.  After  unloading  part 
cargo,  left  Seattle  on  Thursday,  May  30th,  arriving  Tacoma  same  day.  Left  Tacoma  Saturday, 
June  ist,  arriving  the  following  day  at  Vancouver,  where  remainder  of  cargo  was  discharged- 
On  Friday  afternoon,  June  7th,  the  vessel  being  then  empty,  was  subjected  to  a  thorough  exami- 
nation as  far  as  possible  outside  and  inside.  The  outside  inspection  showed  cracks  on  the 
paint  running  parallel  to  the  outer  layer  of  reinforcing  rods,  particularly  over  the  midsliip  portion 
of  vessel  and  on  the  port  bow,  and  were  probably  caused  by  a  slight  movement  of  the  slab  with 
the  force  of  the  seas.  On  the  inside  of  vessel,  in  addition  to  the  cracks  in  deck  slab  previously 
mentioned,  hair  cracks  were  observed  in  the  walls  between  upper  and  second  deck  extending 
from  about  the  middle  of  hold  No.  i  to  middle  of  hold  No.  3.  These  are  probably  shrinkage 
cracks  and  had  been  under  observation  before  ship  left  San  Francisco.  In  the  lower  holds  at 
about  the  centre  of  No.  2  and  3  hatchways,  on  both  sides,  hair-line  cracks  were  observed  in 
the  shell  slab  and  extending  across  one  longitudinal.  These  cracks  showed  slight  working  and 
were  the  only  ones  seen  below  the  second  deck,  and  were  probably  caused  by  straining  when 
labouring  in  a  cross  sea. 
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Apart  from  these  minor  failures,  the  sliip,  in  my  opinion,  is  a  success  ;  the  failure  of  the 
deck  slab  is  due  to  lack  of  sufficient  reinforcement,  and  owing  to  the  winches  being  bolted 
through  the  cement  slab  without  any  seatings. 

The  deck  arrangements  are  only  suitable,  in  my  opinion,  for  coastwise  trade,  a  wooden  deck 
house  bolted  through  the  deck  slab  being  the  only  protection  for  the  engine  and  boiler  openings, 
which,  in  my  opinion,  is  not  enough  for  transoceanic  serv-ice.  A  concrete  poop  enclosing  these 
openings  would  be  a  decided  improvement.  At  the  various  ports  of  call  the  vessel  was  visited 
by  large  numbers  of  people  representing  the  various  shipping  and  shipbuilding  interests,  and 
their  criticism  on  the  whole  was  favourable  to  this  type  of  construction. 

Professor  McMillan  had  a  number  of  strainograph  instruments  placed  around  the  midships 
of  vessel,  the  cargo  being  so  arranged  that  these  were  accessible  at  all  times  during  the  vovage, 
access  to  them  being  obtained  through  a  ventilator  to  No.  2  hold.  He  found  that  the  greatest 
stress  registered  during  Friday's  gale  was  only  8,000  lb.  (that  is,  between  hogging  and  sagging), 
on  the  indicators  placed  on  the  underside  of  deck,  and  the  indicators  on  flat  of  bottom  registered 
about  threequarters  of  that  amount. 

The  following  is  a  copy  of  some  of  the  observations  made  by  Mr.  C.  C.  Brush,  assistant 
engineer,  Bureau  of  Lighthouses  : 


Copyright  International  Film  Scvice,  Inc.] 

Fig.  30.    The  Concrete  Ship  Fai^/i  after  launchins- 


"  Established  sight  lines  fore  and  aft,  reading  o  in  still  water  ;  passing  out  through  Golden 
Gate  vessel  showed  slight  hog  of  J  in.  port  and  f  in.  starboard,  and  the  greatest  deflection 
taken  during  the  voyage  between  extreme  hogging  and  sagging  was  3  in.  in  a  length  of  180  ft. 
which  is  about  one-third  of  what  a  steel  ship  would  show  under  similar  conditions." 

Bearing  in  mind  that  this  vessel  was  the  first  of  its  size  to  be  built  of  concrete, 
that  its  construction  was  unduly  hurried,  and  that  the  defects  are  all  minor  ones,  this 
report  must  be  regarded  as  extremely  satisfactory. 

A  good  idea  of  the  size  of  this  vessel  may  be  gained  from  Fig.  30,  which  shows  the 
hull  when  nearing  completion,  and  Fig.  33,  which  shows  the  prow.  It  is  noteworthy 
that  although  the  Faith  was  built  in  the  United  States,  its  initiation  was  due  to  a  British 
.shipowning  company,  so  that  this  country  may  justly  claim  a  share  in  the  construction 
of  this  epoch-making  vessel. 

Since  the  first  commitment  of  the  American  Sliipping  Administration  to  the 
policy  of  building  concrete  tonnage,  plans  have  been  pushed  rapidly  for  the  develop- 
ment of  this  tvpe  of  ship. 

The  construction  of  a  total  of  forty-two  new  concrete  ships  has  been  authoi'ised 
by  the  United  States  Shipping  Board,  arid  contracts  for  eighteen  have  already  been 
placed.  These  concrete  ships  will  be  tankers  of  7,500  tons  each,  \\-ith  a  capacity 
of  50,000  barrels  of  oil,  engines  of  2,800  h.p.,  and  a  speed  of  10^  knots  an  hour,  together 
with  a  few  cargo  ships  of  3,000  and  3,500  tons.  The  forty-two  concrete  ships  will 
have  a  total  of  298,500  dead-weight  tonnage. 
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The  concrete  ship  department  of  the  United  States  Shipping  Board,  Emergency 
Fleet  Corporation,  of  which  R.  J.  Wig  is  chief  engineer,  has  also  prepared  a  design 
for  a  3,500-ton  ship,  of  which  two  are  to  be  built. 


Fig.  31. 

Deck  View  of  the  Faith. 
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Fig.  32.     The  Faith  prior  to  launching. 


To  utihse  the  already  designed  and  partly  manufactured  engines  and  fitting^: 
lor  the  Fleet  Corporation's  standard  wooden  ships,  the  first  standard  concrete  ship 
was  made  of  approximately  the  same  capacity,  dimensions,  and  form,  except  that  the 
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sheer  Une  amidships  of  the  concrete  ship  has  been  sUghtly  altered,  and  no  exterior 
keel  is  fitted.  The  general  arrangement  of  the  ship  itself  and  of  the  propelling 
machinerv  is  the  same  in  both  types.  The  vessel  is  of  single  deck  over  its  full  section, 
with  a  poop  deck  at  the  stern,  a  forecastle  deck  at  the  bow,  and  a  bridge  deck,  with  a 
wooden-frame  cabin-house  amidships. 


Or/.:  .UJA 


Fig.  33.     'I'lie  Prow  ot  the  laitii. 

She  has  a  length  overall  of  281  ft.  10  in.,  a  length  between  perpendiculars  of  268  ft., 
beam  over  shell  of  46  ft.,  depth  amidships  at  sides  of  28  ft.  3  in.,  a  loaded  draught  of 
23i  ft.,  and  a  carrying  capacity  of  3,203  tons.  She  compares  closely  in  these  dimensions 
with  the  similar  wooden  ship  of  somewhat  larger  dead-weight  carrying  capacity,  but 
It  is  nearly  twice  as  heavy  empty  as  a  steel  ship.  A  single  screw,  turned  by  a 
1,400-h.p.  reciprocating  engine,  located  amidships,  will  gi\-e  a  speed  of  approximately 
loi  knots. 
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In  Gyeat  Britain  it  is  commonly  supposed  that  concrete  vessels  are  only  used  to 
a  very  limited  extent,  but  careful  enquiry  will  show  that  there  are  many  more  than  is 
generally  known.  Yet,  in  spite  of  an  apparent  backwardness  at  first — due  partly  to 
national  conservatism  and  partly  to  an  abundance  of  steel  and  skilled  labour  until 
quite  recently — there  is  now  a  considerable  number  of  firms  engaged  in  this  branch 
of  the  shipbuilding  industry  ;  orders  for  several  hundred  reinforced  concrete  barges 
are  in  hand  and  several  larger  vessels  are  in  an  advanced  stage  of  construction. 

One  of  the  oldest  concrete  vessels  in  this  country  is  a  pontoon  loo  ft.  by  28  ft. 
by  8  ft.  6  in.  [Fig.  35),  built  in  1912  by  the  Yorkshire  Hennebique  Construction  Co., 
Ltd.,  of  Leeds,  to  the  design  of  L.  G.  Mouchel  &  Partners,  Ltd.,  for  carrying  sludge, 
pumps,  fuel,  etc.,  on  the  Manchester  Canal.  Its  bottom  and  walls  are  3  in.  thick 
and  it  has  proved  to  be  remarkably  durable,  costing  less  than  was  anticipated  in 


Vxii-  35.     Concrete  Pontoon  at  Irlam  on  the  Manchester  Ship  Canal. 

maintenance,  and  such  small  repairs  as  are  necessary  can  be  made  without  putting 
it  out  of  service. 

What  was  announced  as  "  the  first  large  sea-going  concrete  \-essel  built  in  the 
United  Kingdom  "  [Fig.  36)  was  completed  in  April,  1918,  under  the  supervision 
of  J.  &  W.  Stewart,  of  London.  She  is  a  towing  barge  150  ft.  long  by  25  ft.  broad, 
with  a  draught  of  11  ft.,  a  displacement  of  900  tons,  and  a  dead-weight  capacity  of 
400  tons.  Strength  rather  than  lightness  and  economy  was  a  feature  of  her  con- 
struction, and  in  order  that  close  comparisons  might  be  made  between  her  and  existing 
steel  vessels,  she  was  constructed  as  nearly  as  possible  on  the  lines  of  the  latter, 
notwithstanding  the  additional  expense  in  moulds  which  was  involved.  This 
vessel  has  been  classified  as  Ai  by  Lloyd's. 

What  is  stated  to  have  been  the  first  motor  cargo  boat  to  have  been  launched 
in  England  [Fig.  37)  was  built  by  Holland,  Hannen  &  Cubitts,  Ltd.,    at  Chiswick, 
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early  in  1918.  She  is  40  ft.  long,  8  ft.  6  in.  wide,  and  4  ft.  draught  when  loaded, 
and  is  fitted  with  a  25-h.p.  motor  designed  to  dri^•e  her  at  a  speed  of  eight  miles  per 
hour. 

The  first  reinforced  concrete  barge  to  be  used  entirely  for  commercial  purposes 


constructed  in  this  country-  is  one  known  as  a  "  monkey  "  barge,  she  havmg  no  cabin 
accommodation.  Barges  of  this  type  are  employed  in  canal  traffic  in  the  IMidlands, 
and  are  confined  to  certain  overall  dimensions  o\\-ing  to  the  locks  through  which 
they  have  to  pass.  The  one  sho\\Ti  in  Fig.  38  was  designed  by  Mr.  E.  P.  ^^  ells,  of 
28 


J,  CONSTKUCTIONAL 


CONCRETE  SHIPBUILDING. 


Clapham,  and  was  constructed  by  ?^Ir.  A.  H.  Guest,  of  Stourbridge.  She  is  70  ft.  in 
length  over  all  by  6  ft.  11  in.  in  mdth  over  the  fenders  by  a  total  moulded  depth 
of  4  ft.  When  unloaded  she  has  a  draught  of  14  in.  as  compared  with  7J  in.  to  9  in 
for  wooden  or  steel  boats  of  similar  tonnage,  but  to  compensate  for  this  an  extra 
moulded  depth  of  6  in.  has  been  added  so  that  the  barge  ^^ill  carry  the  same  dead 
load,  and  be  registered  Uke  one  of  wood  or  steel.  The  approximate  dead  load  that 
she  will  carry  is  about  twenty-seven  tons,  though,  of  course,  in  measurement  she 
will  carry  a 'very  much  greater  cargo.  In  order  to  conform  to  the  preconceived 
ideas  of  the  canal  "  bargee,"  the  usual  design  ^^-ith  frames  was  adopted,  though  in 
future  barges  it  is  proposed  to  simplify  the  construction.  The  barge  took  about  one 
month  to  construct  omng  to  the  fact  that  she  was  the  first  of  her  kind,  and  also  owing 
to  the  very  bad  weather  that  was  experienced  during  the  latter  end  of  the  summer 
and  early  autumn.  The  actual  time  occupied  in  moulding  was  about  six  days,  and 
the  boat  was  launched  within  eight  days  after  completion  of  the  topsides.  She  was 
then  kept  for  a  further  ten  days  before  she  took  her  first  cargo  of  sand.  The  times 
between   finishing   and   launching   and   between   launching   and   loading   are   merely 


A  20-ton  Concrete  Cargo  Boat  built  on  the  Thames. 


stated  as  facts.  That  they  are  unusually  short  ^nll  be  recognised  by  everyone  who 
is  experienced  in  concrete  construction.  That  they  were  possible  is  due  to  special 
circumstances.  As  a  general  rule  it  would  be  safer  to  allow  a  much  greater  length 
of  time  in  each  case.     No  plastering  or  finishing  coat  was  appHed  to  this  barge. 

Another  barge  has  also  been  built  to  the  same  design,  only  with  about  4  in. 
sheet  at  both  the  fore  and  after  ends  in  order  slightly  to  improve  her  appearance 
and  render  her  lines  more  acceptable. 

Among  other  firms  who  have  published  information  as  to  their  work  are  James 
Pollock  &  Sons,  Ltd.,  London,  who  are  engaged  in  building  several  concrete  motor 
coasting  vessels,  92  ft.  by  19  ft.  by  10  ft.  of  120  h.p.  The  same  firm  have  also 
completed  several  other  concrete  barges,  including  one  of  130  tons  capacity  for  the 
Thames. 

The  Ferro-Concrete  Construction  Company,  Barrow-in-Furness,  ha\e  constructed 
a  steamship  of  1,150  tons  dead- weight  capacity  driven  by  a  400  h.p.  engine  at  7 J 
knots,  and  others  of  the  same  pattern  are  under  construction. 
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One  firm  has  recently  commenced  in  the  south  of  Ireland,  and  another  in  the 
north  of  Scotland. 

In  August,  1917,  a  concrete  motor  launch  {Cemeniv.s  I.),  {Fig.  39),  of  the  fast 
estuary  type,  designed  by  Mr.  J.  C.  Snelhng  and  built  by  Messrs.  Muribloc,  Ltd., 
was  launched  on  the  Thames,  and  thoroughly  tested  with  good  results.     This  vessel 


33.     First  Concrete  Bart^e  built  in  England,  and  designed  by  A.  N.  Guest  for  use  on  Midland  Canals. 


is  21  ft.  by  5  ft.  3  in.  by  14  in.  draught,  uith  a  shell  only  |  in.  thick.  Her  weight 
is  about  30  cwt.  and  her  speed  about  9  knots.  In  September,  191 7,  this  launch 
towed  at  three  knots  in  slack  water  a  barge  of  160  tons,  and  considering  the  smallness 
of  the  motor — i  c.  7  h.p. — the  result  was  very  satisfactory',  and  testifies  to  her  very 
smooth  under-water  surface.     She  was  also  tested  by  being  supported  at  either  end 
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and  treated  as  a  beam,  and  by  being  pivoted  at  the  centre  as  a  double  cantilever, 
without  showing  any  sign  of  strain  in  either  case. 

There  are  seven  watertight  compartments,  the  divisions,  the  seats  and  floors 
being  only  |-in.  thick  ;  tested  full  of  water,  the  compartments  showed  no  sign  of 
damp  on  the  inner  surface.  There  is  no  woodwork  in  any  part  of  the  boat,  so  that, 
besides  being  lire-resisting,  she  may  be  said  to  be  rot-proof. 

The  vessel  has  proved  to  be  remarkably  strong  and  resihent.  During  her  life 
on  the  tideway  she  has  been  subjected  to  some  very  heavy  knocks,  many  of  them 
sufi&cient  to  stove  in  the  planks  of  a  timber  boat  of  her  size.  It  is  beUeved  by  the 
designers  that  she  is  the  first  fully-hned  hght  reinforced  concrete  motor  boat  wluch 
has  yet  run  in  this  country. 

A  neat  rowing  boat,  built  by  Mr.  J.  Bowman,  of  Montrose,  Scotland,  in  191 7, 
is  shown  in  Fig.  40.  She  is  12  ft.  by  4  ft.  2  in.  by  2  ft.  9  in.  deep,  and  can  easily 
carry  four  persons. 

The  magnitude  of  the  effort  now  being  made  in  this  country  is  shown  by  the 
estabhshment  of  a  score  of  reinforced  concrete  shipyards  in  the  West  and  South 
of  England,  in  the  Thames  district,  on  the  north-east  and  north-west  coasts  of 
England,  on  the  Clyde,  and  at  Aberdeen  in  Scotland,  and  in  the  East  of  Ireland. 
At  these  yards  some  220  vessels  are  in  course  of  construction,  representing  a  total 
of  about  200,000  tons  of  shipping.  Only  a  few  weeks  after  the  decision  of  the  Govern- 
ment to  begin  reinforced  concrete  shipbuilding,  between  seventy  and  eighty  shpways 
were  laid  down  by  firms  of  public  works  contractors  and  newly-formed  shipbuilding 
companies,  and  at  the  present  time  several  vessels  of  1,000  tons  dead-weight  capacity 
are  on  the  point  of  completion,  and  will  soon  begin  to  follow  each  other  into  the  water, 
to  be  succeeded  in  turn  by  others  already  on  the  shps. 

The  vessels  at  present  in  course  of  construction  for  the  Controller-General  of 
^lerchant  Shipbuilding  comprise  dumb  barges  of  1,000  tons  dead-weight  carr\^ng 
capacity  and  steam  tugs  of  750  h.p.  In  addition,  six  cargo  steamships  of  1,130 
tons  dead-weight  capacity  are  being  built  for  private  ownership,  and  designs  ha\e 
been  prepared  for  steamships  of  much  larger  size,  which  will  soon  be  constructed. 
.\11  the  barges  and  steam  tugs,  187  ft.  6  in.  and  125  ft.  in  length  respectively,  now 
under  construction  in  controlled  shipyards  are  being  built  in  accordance  M-ith  the 
specification  and  general  drawings  issued  by  the  Admiralty  Department  of  Merchant 
Shipbuilding.  The  details  of  the  hull  and  of  the  reinforced  concrete  construction 
are,  however,  to  be  in  accordance  with  working  drawings  prepared  by  or  for  the 
various  shipbuilding  firms,  and,  in  consequence,  a  considerable  amount  of  latitude 
is  given  for  the  employment  of  different  systems  of  reinforcement  and  methods  of 
construction. 

Most  of  the  vessels  are  being  moulded  on  the  monohthic  principle,  and  embody 
systems  of  reinforcement  which  have  been  used  extensively  for  land  structures.  In 
some  cases,  however,  the  pre-cast  slab  method  of  hull  building  has  been  adopted, 
and  novel  sj'-stems  of  reinforcement  have  been  devised.  In  other  instances  the 
bottom  of  the  whole  of  the  hull  is  being  built  on  the  cellular  principle,  while  in  others, 
again,  the  hull  consists  of  a  single  shell  stiffened  by  transverse  frames  at  frequent 
intervals. 

The  Barnstaple  branch  of  the  British  Construction  Company,  of  Westminster, 
has  seven  shpways  whereon  four  i,ooo-ton  barges  and  two  tugs  are  already  nearing 
completion.  The  work  of  concreting  the  first  barge  was  finished  early  in  August, 
1918,  and  the  vessel  was  launched  at  the  end  of  that  month. 

At  the  Gloucester  Ferro -Concrete  Shipbuilding  Co.,  Ltd.'s  estabhshment  on  the 
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eastern  bank  of  the  Gloucester  and  Berkeley  Ship  Canal  four  barges  were  on  the 
slips  in  August,  1918  ;  one  was  being  concreted,  and  arrangements  were  made  to 
carry  on  the  work  day  and  night,  Sundays  included,  with  the  object  of  securing 
perfectly  monolithic  work.  The  other  three  barges  were  at  that  time  well  on  the 
way  and  ready  for  concreting  in  regular  succession. 

The  Gloucester  Ferro- Concrete  Shipbuilding  Co.,  Ltd.,  has  installed  pumps 
and  a  system  of  pipes  by  means  of  which  the  shuttering  and  moulds  are  kept  moist 
until  the  concrete  has  thoroughly  seasoned. 


Fis.  39.     The  Concrete  Motor-Boat  Cenientns  I. 


A  Concrete  Boat  built  in  Scotland. 


At  the  end  of  the  sum.mer  of  191 8  there  were  no  less  than  eleven  firms  in  Great 
Britam  engaged  in  the  construction  of  concrete  vessels  of  100  tons  capacity  and 
upwards.  Detailed  descriptions  of  these  works  and  the  boats  they  are  building 
will  be  given  later,  and  their  existence  shows  that  we  in  this  country  are  fulh-  aU\e  to 
the  advantages  of  concrete  as  a  shipbuilding  material. 

In  other  countries  considerable  progress  has  been  made  recently,  the  following 
being  the  most  noteworthy  advances  : 


32 


'  y,  constpuctiomaT 

L*^  ENGITVEXRING  ^-. 


COXCRETE  SHIPBUILDING. 


:^3 


CONCRETE  SHIPBUILDING. 


[CQNCRETEJ 


Fig.  44.     Reinforced  Concrete  Caisson  at  Copenhagen,  being  towed  into  position. 
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Fig.  45.     Details  of  Design  of  a  Spanish  Concrete  Boat. 
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In  Canada  a  reinforced  concrete  single-screw  steamer,  125  ft.  by  22  ft.  by  13  ft 
built  by  the  Atlas  Construction  Co.,  Ltd.,  was  launched  at  Montreal  in  XoVember 
IQ17,  for  service  on  the  Great  Lakes. 
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46  &  47.     View  of  Spanish  Reinforced  Concrete  Vessel  before  and  after  launching. 


In  Italy,  since  the  outbreak  of  war,  more  than  300  concrete  boats  and  pontoons 
have  been  in  use  both  for  inland  and  coastal  traffic.  Most  of  the  barges  ha\e  been 
built  by  C.  GabeUini,  of  Rome,  and  are  of  the  type  shown  in  Figs,  41,  42  and  13. 
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Tn  Denmark  a  considerable  amount  of  success  has  attended  the  construction 
of  lar<^e  caissons  of  reinforced  concrete  which  have  been  floated  to  their  destination 
and  then  submerged.  The  feasibihty  of  caissons  32  ft.  by  8  ft.  by  25  ft.  high  has 
been  long  estabhshed  by  actual  experience,  but  in  the  harbour  basin  at  Copenhagen, 
built  in  1917,  caissons  162  ft.  by  16  ft.  by  32  ft.  high  were  satisfactorily  constructed, 
floated  to  their  destination,  and  then  submerged.  Fig.  44  shows  one  of  these  caissons 
being  towed  to  position. 

The  construction  of  one  loo-ton  concrete  Ughter  in  Denmark  in  191 7  has  also 
been  reported. 

In  Switzerland  a  floating  dock  on  concrete  pontoons  was  built  in  19 14  for  the 
Zurich  Yacht  Club,  and  was  reported,  in  Engineering  News  Record,  November,  191 7, 
as  having  been  in  satisfactory  service  ever  since  its  construction. 

In  Spain  the  Sociedad  Anon.  Construcciones  y  Pa\dmentos,  of  Barcelona,  built 
a  concrete  sailing  barge  of  450  tons  capacity  in  191 7  for  the  transport  of  merchandise 
between  France  and  Spain.  This  vessel  {Figs.  45  to  47)  is  113  ft.  long,  24  ft.  wide  and 
iiA  ft.  deep,  A\ith  a  displacement  of  450  tons.  ^luch  larger  vessels — including  one 
of  1,500  tons  capacity — are  in  course  of  construction  by  the  same  firm. 

In  China  a  2,500  ton  concrete  ship  has  been  launched  at  Tientsin,  and  a  2,200 
ton  concrete  ship  at  Saigon,  French  Indo-China. 

For  use  in  Africa  waters,  two  firms  in  this  country  are  setting  themselves  out  to 
supply  barges  and  other  craft  constructed  of  concrete.  The  climatic  conditions 
on  the  East  Coast  are  not  favourable  for  either  wood  or  steel  lighters,  the  former 
being  subject  to  the  Toreda  worm,  and  the  steel  falls  a  victim  to  excessive  corrosion. 

In  the  Dutch  East  Indies  one  firm  makes  a  speciality  of  concrete  canoes  and  of 
lighters  of  90  tons  to  180  tons  dead-weight  capacit}^  motor  boats  up  to  60  ft.  in 
length,  and  various  pontoons  for  carrying  steam  cranes  and  other  heavy  machinery. 

The  examples  of  concrete  vessels  in  this  chapter  show  quite  clearly  what  has 
already  been  accomplished  by  the  substitution  of  reinforced  concrete  for  wood  and 
steel  in  the  construction  of  vessels  of  various  types,  and  in  various  parts  of  the  world, 
^lany  of  the  vessels  mentioned  are  admittedly  "  trials,"  and  were  purposely  made 
on  conservative  lines,  with  a  limited  amount  of  co-operation  between  experts  in 
concrete  construction  and  in  shipbuilding.  It  is  for  present  and  future  builders  to 
make  improvements  on  these  vessels,  paying  due  respect  to  their  history  and  to  the 
courage  and  far-sightedness  of  those  who  have  invested  so  much  capital,  ingenuitv, 
and  hard  work  in  the  application  of  concrete  to  an  industry  in  which  its  properties 
were  largely  unknown. 

NOTES    ON    CONCRETE    SHIPBUILDING, 


A    REINFORCED    CONCRETE    VESSEL   L.\UNCHED    AT  FAVER5HAM. 

On  November  19th  the  first  powered  reinforced  concrete  vessel  that  has  been  built 
in  the  British  Isles  was  launched  at  Faversham. 

It  is  many  years  since  a  seagoing  vessel  was  launched  into  Fa\"ersham  Creek, 
and  it  is  probable  that  there  has  never  been  one  so  large  and  so  heavy  as  the  Molliette. 
launched  last  month  at  Messrs.  James  Pollock  Sons  &:  Co.,  Ltd.'s,  new  shipyard  at 
Upper  Brents. 

The  Molliette,  we  are  informed,  is  the  first  straight-lined  seagoing  vessel  to  be 
designed  and  approved  by  the  authorities. 

The  dimensions  are  :  Length  over  all,  131  ft.  ;  breadth  moulded,  i-,  ft.  ;  depth 
moulded,  11  ft.  9  in.  ;  draft  loaded,  9  ft.  9  in.  The  vessel  is  designed  to  carry  320  tons 
of  cargo.    She  is  fitted  as  a  three-masted  fore  and  aft  schooner.     The  main  propelling 
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machinery  consists  of  the  latest  type  BoHnder  Crude  Oil  Engine  of  120  brake-horse- 
power, sufficient  to  gi\'e  the  vessel  a  speed  of  7  knots  in  calm  weather,  without  the  use 
of  the  sails.  This  engine  does  away  entirely  with  water  drip,  and  when  under  way 
has  a  silent  and  invisible  exhaust,  and  should  therefore  be  of  interest  to  many  in  this 
localitv. 
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The  Reinforced  Concrete  Schooner  Mollietie. 

The  vessel  is  fitted  with  a  raised  quarter-deck  and  sunk  forecastle,  and  has 
accommodation  for  captain  and  officers  in  a  deck  house  on  the  former,  whilst  the 
crew  is  berthed  in  the  latter.  She  is  classed  to  Lloyd's  "  A  "  experimental,  and  is 
built  on  the  monolithic  system.  The  reinforcing  consists  of  round  rods,  no  "  sections  " 
of  steel  or  iron  being  used.     She  has  three  transverse  bulkheads,  one  at  each  end  of 
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the  hold,  and  one  at  the  alter  end  of  the  motor-room.  The  framing  is  on  the  trans- 
verse system,  with  three  keelsons  all  fore  and  aft.  The  hatch  coamings  are  con- 
tinuous from  the  raised  quarter  front  of  the  after  end  of  the  forecastle,  and  the  decks 
are  supported  by  a  few  reinforced  concrete  pillars  at  the  sides  of  the  hatches.  The 
outer  skin  is  protected  at  the  decks  by  a  wood  rubbing  strake.  It  wU,  as  a  matter 
of  interest,  be  observed  that  o^\•ing  to  the  narrowness  of  the  creek  the  vessel  had 
to  be  launched  broadside  on. 

AN  IMPROVED  METHOD  OF  CONCRETE  SHIP  CONSTRUCTION'. 

When  constructing  concrete  vessels  in  the  customary  manner,  the  bottom  of  the 
hull  cannot  be  concreted  until  the  reinforcement  for  the  bottom  and  side  walls,  the 
■bulkheads,  the  transverse  frames  and  the  keelsons,  have  been  assembled  and  shuttered. 
This  method  of  procedure  causes  a  good  deal  of  inconvenience  and  loss  of  time,  especi- 
ally as  wood  sha^•ings  and  chips  and  debris  generally  are  apt  to  collect  in  the  series  of 
compartments  formed  by  the  moulds  for  the  frames  and  keelsons.  With  the  object 
of  simplifying  construction,  an  improved  method  has  been  patented  by  Messrs.  ^louchel 
&  Partners,  Ltd.,  permitting  the  bottom  of  the  vessel  to  be  concreted  before  the 
assembly  of  the  reinforcement  for  the  remainder  of  the  hull,  and  also  providing  for 
the  longitudinal  bracing  of  the  frames  wthout  the  ordinary  keelsons,  the  connection 
of  which  A\ith  the  frames  involves  an  undesirable  amount  of  somewhat  complicated 
work  in  the  way  of  moulds  and  other\\-ise.  Special  provision  is  made  for  the  inter- 
locking and  anchorage  of  the  reinforcing  bars  in  the  bottom  and  adjoining  parts,  and 
so  far  as  the  continuity  and  monoUthic  character  of  the  finished  hull  are  concerned, 
there  \\'ill  be  no  difference  between  vessels'  construction  on  the  old  and  new  systems. 
The  value  of  the  new  method  lies  in  the  simplification  of  work,  the  facilities  given  for 
the  more  efficient  execution  of  concreting  work,  and  the  important  saving  of  time  and 
monev  that  will  be  effected.  This  may  be  taken  as  one  of  the  many  improvements 
which  will  undoubtedly  be  introduced  from  time  to  time  in  concrete  ship  construction. 

ELECTRICAL    WELDING    IN    CONCRETE    SHIPS. 

Electrical  welding  has  recently  been  introduced  in  British  concrete  sliipyurds 
with  satisfactory^  results  for  connecting  various  members  of  the  reinforcement  as  an 
alternative  to  the  use  of  \vire  ties.  The  welds  are  very  quickly  made  and  hold  the  bars 
so  firmly  in  their  final  positions  that  the  blocks,  wedges,  and  distance  pieces  otherwise 
necessary  can  be  entirely  eliminated.  Oxy-acetylene  welding  is  also  under  considera- 
tion for  the  same  purpose. 

AN    AMERICAN    CONCRETE    VESSEL. 

In  W'.  E.  McNeilUes  American  patent  (No.  984,285),  the  vessel  is  reinforced  by 
angle  irons  (13)  passing  around  its  sides  wdth  their  lower  ends  bolted  to  the  keel,  the 
latter  being  built  of  a  vertical  placed  bar,  10,  supported  on  each  side  by  an  angle 
iron  II,  secured  by  screws,  12,  A  stout  ware  mesh  is  attached  to  the  outside  of  the 
angle  irons,  and  is  covered  both  internally  and  externally  with  concrete. 

THE    LARGEST    SHIPYARD    IN    EUROPE. 

According  to  //  Cemento,  what  will  probably  be  the  largest  sliipyard  in  Europe 
will  shortly  be  constructed  on  the  shore  of  Carrara,  a  company  having  just  been 
registered  by  a  group  of  capitalists.  It  will  contain  15  docks  for  building  large  vessels 
as  well  as  similar  facilities  for  building  a  large  number  of  small  ones.  The  proposed 
yard  will  occupy  all  the  coast  between  Parmignola  and  Via  Bassa  Granda,  including 
Via  Lazzoni,  and  will  have  a  frontage  of  3,330  ft.,  which  will  be  extended  to  4,300  ft. 
later,  and  a  depth  of  1,700  ft.,  except  for  a  small  part,  where  it  will  only  be  1,000  ft, 
A  special  harbour  basin  5,000  ft.  across,  and  with  a  water  surface  of  3,000  ft.  by 
1,300  ft.  will  be  built  of  concrete  caissons  for  the  service  of  the  shipyard,  and  for 
launching  the  vessels.  Special  ways  will  be  provided  for  fitting  up  vessels,  and  the 
vard  will  have  its  own  railway  connections  with  the  Marmifera  Railway.  It  will  be 
fitted  throughout  with  the  most  modern  appliances,  and  with  every  convenience  for 
the  comfort  and  well  being  of  its  employees. 

NEW-    CONCRETE    VESSELS    IN    ITALY. 

The  firm  of  Ditta,  of  Livorno  (Italy),  has  recently  constructed  250-ton  barges, 
caissons,  and  floating  docks  of  reinforced  concrete  in  the  ports  of  Spezzia,  Salerno, 
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Tripoli  and  Venice.  These  are  built  in  sections  previously  prepared  and  joined 
together  as  required.  At  Venice,  25  caissons,  170  ft.  long,  17  ft.  wide,  and  35  ft.  high 
were  constructed  in  the  Spezzia  shipyard,  and  the  firm  have  built  two  hghters,  each 


Section  of  a  Flo.^ting  Dock  for  Torpedo  Boats. 

333  ft.  long,  33  ft.  wide,  and  23  ft.  high,  which  satisfactorily  underwent  loading  tests 
of  about  200  tons. 

The  accompanying  illustration  shows  a  section  of  a  floating  dock,  230  ft.  long, 
for  torpedo  boats. — II  C  emeu  to. 

A    GERMAN    CONCRETE    SHIPBUILDING    FIRM. 

A  small  shipbuilding  firm  in  Hamburg  has  been  taken  over  and  converted  into  the 
first  large  concrete  shipbuilding  firm  in  Germany.  The  new  concern  will  build  concrete 
ships,  floating  docks  and  other  water-borne  structures,  orders  for  these  being  now  in 
hand.  A  new  and  much  larger  5'ard  near  Finkenwaeder  will  be  used.  The  authorised 
capital  is  ^50,000.  The  business  will  be  managed  by  Wayss  and  Freytag,  A.G.,  at 
Neustadt  a.  H.  in  association  with  a  strong  directOTate.-^Beton  u.  Eisen. 
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